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Foreword 


This series is dedicated to Electrical 
Progress—to all who have helped and 
those who may in the coming years help 
to bring further xmder human control 
and service to humanity this mighty 
force of the Creator. 

The Electrical Age has opened new 
problems to all connected with modern 
industry, making a thorough working 
knowledge of the fundamental princi¬ 
ples of applied electricity necessary. 

The author, following the popular appeal for practical 
knowledge, has prepared this progressive series for the electrical 
worker and student; for all who are seeking electrical knowledge 
as a life profession; and for those who find that there is a gap in 
their training and knowledge of Electricity. 

Simplicity is the keynote throughout this series. From this 
progressive step-by-step method of instruction and explanation, 
the reader can easily gadn a thorough knowledge of modem 
electrical practice in line with the best information and experi¬ 
ence. 

The author and publishers here gratefully acknowledge the 
hearty and generous help and co-operation of all those who have 
aided in developing this helpful series of Educators. 

The series will speak for itself and “those who run may read.” 



The Publishers. 
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How to Use This Book 


Finder 



IMPORTANT 

To quickly and easily find information on any subject, read 
over the general chapter headings as shown in the large type— 
this brings the reader’s attention to the general classification of 
information in this book. 

Each chapter is progressive, so that if the reader will use the 
outline following each general chapter heading, he will readily 
come to the information desired and the page on which to 
find it. 

Get the habit of using this Index—it will quickly reveal a 
vast mine of valuable information. 

"An hour with a book would have brought to your mind. 

The secret that took the whole year to find; 

The facts that you learned at enormous expense. 

Were all on a library shelf to commence.” 
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CHAPTER 37 

Galvanometers 

If a compass needle be allowed to come to rest in its natural 
position, and a current of electricity be passed through a wire 



Fiq 1,274 —Bunnell simple detector galvanometer It has middle clamps and scale divided 
into degrees 


just over it from north to south, the north seeking end of the 
needle will be deflected toward the east. 

If the wire be placed under the needle and the current con¬ 
tinued from north to south the needle will be deflected toward 
the west. 


Again, if the current be passed from north to south over the needle, and 
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back from south to north under the needle, as shown in fig. 1 , 276 , the mag¬ 
netic effect will be doubled, and the needle deflected proportionately. 
Upon these phenomena depend the working of galvanometers. 

Ques. Describe a simple galvanometer. 

Ans. It consists essentially of a magnetic needle suspended 
within a coil of wire, and free to swing over the face of a grad¬ 
uated dial. 



Fro. 1,275.—Effect of a neighboring current upon a magnetic needle. Above the needle and 
parallel to it is a conductor carrying an electric current, the current flowing in the direction 
indicated by the arrow. This causes the north pole of the needle to turn toward the east. 
If the conductor be held below the needle, its north pole will turn in the opposite direction or 
toward t.ie w st. These movements are easily determined by Ampere's rule as follows. If a 
man could swtm in the conductoT with the current, and turn to face the needle, then the north pole 
of the needle will be deflected toward hts left hand. 


Ques. What is a galvanoscope and bow does it differ from 
a galvanometer? 

Ans. A galvanoscope, as shown in fig. 1,276, serves merely to 
indicate the presence of an electric current without measuring 
its strength. A galvanometer is an indicator of currents, in 
which the movement of the needle shows the direction of the 
current, and indicates whether it is a strong or a weak one. 

When the value of the readings has been determined by experiment oi 
calculation anv galyanoscope becomes a galvanometer. 
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Ques. For what use are galvanometers employed? 

Ans. They are used for detecting the presence of an elec¬ 
tric current, and for determining its direction and strength. 

Ques. How is the direction and strength of the current 
indicated? 

Ans. When a galvanometer is connected in a circuit, the 



-— — 

Fio. 1,276.—Efliect upon a magnetic needle of a neighboring current in a loop. In this arrange¬ 
ment the same conductor is simply carried back benealh the needle an J hence both the upper 
and lower portions tend to turn it in the same direction, while the si le branch or vertical 
section is inelTective. In accordance with Ampere's swimming rule, the upper wire causes 
the N pole of the needle to turn to the left, while if a man imagine himself swimming in the 
lower wire in the direction of the current, and facing the needle (that is, swimming on his 
back), the N pole of the needle will turn to his left—that is to the east. The effect of the 
loop then has double the effect of the single wire in fig. 1,275. 


direction of the current is indicated by the side toward which 
the north pole of the needle moves, and the current strength 
by the extent of the needle’s deflection. 

Ques. How should a galvanometer be set np b^ore using? 
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Ans. When no current is flowing, the coil should be parallel 
to the magnetic needle when at rest. 

Ques. What is a “sensitive” galvanometer? 

Ans. One which requires a very small current or pressure 
to produce a stated deflection. 

It does not lollow that a galvanometer which is sensitive for current 
measurement will also be sensitive for pressure measurement. 



Fig. 1,277.—EfTect upon a magnetic needle of a neighboring current in a coil. The coil as 
shown, is equivalent to several loops, that is, the force tending to deflect the needle is equal 
to that of a single loop multiplied by the number of turns. Hence, by using a coil with a 
large number of turns, a galvanometer may be made very sensitive so that the needle will 
be perceptibly deflected by very feeble currents. An instrument, as shown in the figure 
is called a galvatioscope. When it is accurately constructed, and supplied with a scale (ihow- 
ing how many degrees the needle is deflected it is then called a galvanometer. 


Ques. Define the term “sensitivity.” 

Ans. With reference to mirror reflecting galvanometers it 
may be defined in three ways. First, in megohms, the sensi¬ 
tivity being the number of megohms through which one volt will 
oroduce a deflection of one millimeter with the scale at distance 
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of one meter. Second, in micro-volts, the sensitivity being 
the number of micro-volts which applied directly to the ter¬ 
minals of the galvanometer will produce a deflection of one 
millimeter with the scale one meter from mirror. The sensitivity 
is best stated in megohms for high resistance galvanometers 
and in micro-volts for low resistance galvanometers, and is 
frequently given both for galvanometers for intermediate re¬ 
sistance. Third, in micro-amperes, the sensitivity being the 


h 





■' i.;' 


Fia 1,278 —Knott galvanoacope It has three separate circuits, 1, 25 and 100 turns with 
binding post lor each cu-cuit 



Fia. 1,279 —Breguet upnght galvanometer with glass shade 

Flo 1,280 —Bunnell horiaontal galvanometer It has two coils, one of which is of aero resist* 
ance and one of fifty ohms resistance adapting it to a 'variety of tests 
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number of micro-amperes that will give one millimeter deflec¬ 
tion with scale at a distance of one meter. 

Qnes. Upon what does the sensitivitj depend? 

Ans. 1, Upon the number of times the current circulates 
around the coil, 2, the distance of the needle from the coil, 3, 
the weight of the needle, 4, the current strength, and 5, the 
amount of friction produced by its movement. 



VM. 1.2S\ .—Bunnell galvanometer for measurement of instruments, lines, batteries, wirei 
ttC.f from 2 ^ to 10.000 ohms or more. 


NOTE.—The definition of voltage aenaitivity given on page r46 is the one recomipended 
by the U. S. Bureau of Standards. Some foreign makers, however, specify the sensitivity in 
terms of the voltage impressed directly across the terminals of the galvanometer without the 
critical camping resistant'in series. The latter sensitivity may be several times the former. 
This fact should be borne lu mind when selecting a galvanometer. 

NOTE .—Strong currenta must not be passed through very sensitive galvanometers, for 
even if they be not ruined, the deflection»of the needle will be t(x> large to give accurate 
urements. In such cases the galvanometer is used with a shunt, or coil of wire arrangod ■■ 
that the greater part of the current will flow through it, and only a small portion througli 
fralvanometer. 
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The needle is usually quite small, and often a compound one. In very 
sensitive galvanometers, the coils are wound with thousands of turns of 
very fine wire, and shunts are generally used in cmmection with them. 

Qaes. What two kinds of coil are used? 

Ans. The short coil and the long coil. 

Qnes. What is the difference between a short coil and a 
long coil galvanometer? 



Fio. 1,282.—Knott lecture table galvanometer. Adapted for udc in simple lecture table eapti^ 
xnents, where high sensibility is not essential. The scale is large and open. 


Ans. A short coil galvanometer has a coil consisting of a 
few turns of heavy wire; a long coil galvanometer is wound 
with a large number of turns of fine wire. 

Qnes. What is the action of short and long coil galvan¬ 
ometers? 

Ans. With a given current, the total magnetizing fora; 
which deflects the needle is the same, but with a short coil, r; 
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is produced by a large current circulating around a few turns, 
instead of a small current circulating around thousands of 
turns as in the long coil. 

The short coil being of low resistance is used to measure the current, 
and the long coil of high resistance, is suitable for measuring the pres¬ 
sure. Hence, a short coil instrument with its scale directly graduated in 
amperes is an ammeter, and the long coil type with graduation in volts is 
a voltmeter. 

Classes of Galvanometer.—There are numerous kinds of 





Fig. 1,283.—Knott standard tangent galvanometer with Thompson adjustable control magnet. 
The suspension system consists of a needle 15 mm long, suspiended by hber and provided with 
a oonvement lift. The needle is protected by a box provided with engme divided dial, the 
wmdings are proportioned to meet the conditions of the greatest variety of experiments: 3 
turns coarse wire, posts 1 and 2, wound clockwise, 12 turns coarse wire, posts 2 and 3, wound 
coimter-clockwise, giving between pxists 1 and 3, nine turns of coarse wire wound counter* 
clockwise; 320 turns fine wire, posts 3 and 4, wound clockwise, esr^ecially designed for determ* 
ining the constant of a tangent galvanometer. 







Galvanometers 


907 


galvanometer designed to meet the varied requirements. Ac¬ 
cording to construction, galvanometers may be divided into 
two classes, as those having: 

1. Movable magnet and stationary coil; 

2. Stationary magnet and movable coil. 

Either type may be constructed with short or long coil, and 
there are several ways in which the deflections are indicated. 
The principal forms of galvanometer are as follows: 

1. Astatic: 

2. Tangent; 

3. Sine; 

4. Differential; 

5. Ballistic; 

6. D’Arsonval. 

Astatic Galvanometer.—It has been pointed out how a 
compass needle is affected when a wire carrying a current is 
held over or under it, the needle being turned in one direction 
in the first instance, and in the opposite direction for the sec¬ 
ond position of the wrire. 

The earth’s magnetism naturally holds the compass needle 
north and south. The magnetic field encircling the wire, being 
at right angles to the needle (when the wire itself is parallel 
therewith), operates to turn it from its normal position, north 
and south, so as to set it partially east and west. However, on 
accoxmt of the fact that the earth’s magnetism does exert some 
force tending to hold the needle north and south, it is evident 
that no matter how strong the current, the latter can never 
succeed in turning the needle entirely east and west. The ac¬ 
complishment of this is further prevented by the reason of the 
points of the needle, where the magnetic effect is greatest. 



908 


Galvanometers 


quickly passing out of the reach of the magnetic field, where 
it is now practically operated on only in a sUght degree. Thus 
it would take quite a powerful current to hold the needle de¬ 
flected any appreciable distance. The use of a shorter needle 
is, therefore, more desirable. 

It is evident in this style of instrument that the effect of the current 
cannot be accurately measured, because it acts in opposition to the earth's 
magnetism, and as this is constantly varying, some method must be em¬ 
ployed which will either destroy the earth's magnetism or else neutralize it 



Fto. 1,284.—Astatic needles. Two magnetic needles of equal moment are mounted in oppoai- 
tkm on a light support. The whole system is suspended by a delicate fibre, and when placed 
in a uniform magnetic field such as that of the earth, there will be no tendency to assume 
any fixed duection, the only restraining influence on the needles being that due to tenaioo 
in the suspension fibre. 


In the astatic galvanometer, the earth's magnetism is neutralized by 
means of astatic needles. These consist of a combination of two magnetic 
needles of equal size and strength, connected rigidly together with their 
poles pointing in opposite and parallel directions, as shown in fig. 1,284. 

As the north pole of the earth attracts the south pole of one of the 
needles, it repels with equal strength the north pole of the other needle, 
hence, the combination is independent of the earth's magnetism and will 
remain at rest in any position. 

If one of the needles be surrounded by a coil, as shown in fig. 1,285 the 
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magnetic effect of the current will be correctly indicated by the deflectioa 
of the needle. 

Sometimes each needle is surrounded by a coil, as in fig. 1,286, the coils 
being so connected that the direction of current in each will tend to deflect 
the needles in the same direction. 

Ques. For what use is the astatic galyanometer adapted? 

Ans. For the detection of small currents. 

It IS used in the '‘nil’* or zero methods, in which the current between 
the points to which the galvanometer is connected is reduced to zero. 

Ques. Upon what does the movement of the needleii 
depend? 



Pta. 1,285.—Connections of single coil astatic needles. The coil surrounds the lowei 

and the direction of the current between the two needles tends to turn them the MmA way. 


Ans. Upon the combined effect of the magnetic attraction 
of the current which tends to deflect the needles, and the 
torsion in the suspension fibre which tends to keep the needle 
at the zero position. 

Ques. Does the astatic galvanometer give correct read- 
ings for different values of the current? 

Ans. When the deflections are small (that is, less than 10“ 
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or 15°), they are very nearly proportional to the strength of 
the currents that produce them. 

Thus, if a current produce a deflection of 6® it is known to be approxi¬ 
mately three times as strong as a current which only turns the needle 
through 2 °. But this approximate proportion ceases to be true if the de¬ 
flection be more than 15 ° or 20 °. 

Ques. Why does the instrument not give accurate read¬ 
ings for large deflections? 



Fla. 1,286.—Connections of double cod astatic needles With this arrangement, the direction 
of current m both coils will tend to turn the system m the same direction, makmg the needles 
more sensitive than with a single coil as in fig. 1,285. 


Ans. The needles are not so advantageously acted upon by 
the current, since the poles are no longer within the coils, but 
protrude at the side. Moreover, the needles being oblique to 
the force acting on them, only part of the force is turning t hem 
against the directive force of the fibre; the other part is uselessly 
pulling or pushing them along their length. 

Ques. How may correct readings be obtained? 
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Ans. The instrument may be calibrated, that is, it may be 
ascertained by special measurements, or by comparison with 
a standard instrument, what are the amounts of deflection cor¬ 
responding to particular current strengths? 

Thus, if it be once known that a deflection of 32® on a particular gal¬ 
vanometer IS produced by a current of of an ampere, ^en a current 
of that strength will always produce on that instrument the same deflec- 



Fiq. 1,287 —Queen reflecting astatic galvanometer, it w mounted on a mahogany base with 
leveling screws A plain mirror is attached above the upper needle. The entire combina¬ 
tion of mirror and needles is suspended by imspun silk from the mtenor of a brass tube, 
which also carries a weak controlling magnet. A dial 4 inches in diameter and graduated 
in degrees, enables the deflections of the needle to be accurately read. The mirror can be 
used with a reading telescope and scale, or by means of a lantern, the image of a slit may 
be reflected from the mirror to a screen. Resistance, .5 to 1,0CX) ohms. 

Fzq. 1,288.—Knott lammated magnet lecture table galvanometer, 30 megohm sensibility. 


tion, imless from any accident the torsion force or the intensity of the 
magnetic field be altered. 

The Tangent Galvanometer.—It is not possible to construct 
s galvanometer in which the angle (as measured in degrees of 
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arc) through which the needle is deflected is propoi:ti<>nal 
throughout its whole range to the strength of the current. But 
it is possible to construct a very simple galvanometer in which 
the tangent of the angle of deflection shall be accurately propor¬ 
tional to the strength of th^ r’l-'-ent. 



Fl[o. 1»289.—^Tangent galvanometer it cons 8ts of a short magnetic needle suspended at the 
center of a coil of large diameter and small croos section. In practice the diameter of the 
coil 18 about 17 times the length of the needle If the instrument be so placed that, when 
there is no current in the coil, the suspended magnet hes in the plane of the coil, that la, 
if the plane of the coil be set in the magnetic meridian, then the current passtng through the 
cotl ts proportional *o the tangent of the angle by which the magnet is deflected from the plane 
of the coil, or zero position—hence the name, “tangent galvanometer.’* 

A simple form of tangent galvanometer is shown in fig. 1 , 289 . 
The coil of this instrument consists of a single circle of stout 
copper wire from ten to fifteen inches in diameter. At the 
center is delicately suspended a magnetized steel needle not 
exceeding one inch in length, and usually furnished with a 
light index of aliuninum. When the galvanometer is in use, 
the plane of the ring must be vertical and in the magnetic 


Galvanometers 


913 


meridian. A horizontal section through the middle of the in¬ 
strument is shown in fig. 1,290. For simplicity, the coil is sup- 



Fia 1,290 —Honzonictl bectiort through middle of tangent galvanometer, ehavring magnetic 
whirls around the coil and correspondmg deflection of needle. 



Fio 1,291 —Central Scientific Co tangent galvanometer A 9 inch brass ring is mounted 
on a mahogany base which rotates on a tripod provided with levelling screws The needle 
has an aluminum pointer and jewelled bearings The winding consists of 300 turns of mag¬ 
net wlie so connected to the plugs in front that 20, 40, 80, or 160 turns or any combination 
of these numbers may be used For heavy currents a band of copper is used by connecting 
to the extrh pair of bindmg posts in the rear of the mstniment 


posed to have but a single turn of wire, the circles surrounding 
the wire representing the magnetic lines of force. By extending 
the lines of force xmtil they reach the needle, it will be seen 
that with a short needle, the deflecting force acts in an east 
and west direction when the galvanometer is placed with its coil 
in the magnetic meridian. 
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If m fig 1,292, ab, lepresent the deflecting force acting on the N end 
of the needle, the component of this force that acts at a right angle to the 
needle will be 



Fig. 1,292 —Diagram of forces acting on the needle of a tangent galvanometer 

ab cos X 

in which, is the angle of the deflection. 

The controlling force is 

ad=H 

and when the needle is m equilibrium, the component, oe sin x, is equaf 
and opposite to ac, hence 

ab cos sin x 


«Htanx 

cosx 


from which 
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Since ab, is proportional to the current, 


ab=^kC = ll tan x 


in which A;, is a constant depending upon the instrument. For any other 
current C', 


hence 


ifeC' = Htan x' 


C: C'=tan x : tan x' 


\ 



PxG. 1,293.—Bunnell tangent galvanometer. This instrument jb mounted on a circular hard 
rubber base, 7% inches diameter, provided with leveling screws and anchoring pomta. 
The galvanometer consists of a magnetuced needle 14 mch m length, suspended at the center 
of a rubber nng six inches m diameter, contaimng the coils There are five coils of 0, 1, 10, 
50 and 150 ohms resistance The first is a stout copper band of inappreciable resistance, the 
others are of different sized copper wires, carefully insulated Five terminals are provided, 
marked, respectively, 0, 1, 10, 50 and 1^ The ends of the coils are so arranged that the 
plug inserted at the terminal marked 50, puts m circuit all the coils; marked at the terminal 
50—^all except the 150 ohm coil, and so on, till at the zero ternunal only the copper band is 
in circu't Fixed to the needle, which is balanced on jewel and pivot, is an aluminum pointer 
at right angles, extendmg across a five inch dial immediately beneath. One side of the dial 
is divided into degrees, on the other aide, the graduations correspond to the tangent of the 
angles of deflertion. 
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This means that the currents passing through the coil of a tangent 
galvanometer are proportional, not to the angle of deflection, but to the 
tangent of that angle. 


Qoes. Upon what does the sensitivity ot a tangent gal¬ 
vanometer depend? 


Ans. It is directly proportional to the number of turns of 
the coil and inversely proportional to the diameter of the coil. 

H 



WtQ. 1,294 —Diagram illnstrating the tangent la™ This *8 the law of Uie cotabinel d«,i.ion of 
two magnetic fields upon a magnetic needle If two magnetic fields fe at right angles in 
direction as indicated in tlie figure, the resultant field is obtained by the parallelogran of 
forces and it makes an angle df with one of the component fields such that tan O — M -|- H, 
where M, and H, are the strengths of the component fields In the tangent galvanometer 
thi8 principle is employed in the measurement of currents A magnetic needle is pivoted 
in a field of known strength The current to be measured is passed round a coil (or coils) 
which generates a field at right angles to the original field The needle then lies along the 
direction of the resultant field, and by finding the tangent of its angle of deflection, and 
knowing the field strength produced by unit current in the coil, the current strength can 
be found. 


Qnea. How may the tangent galvanometer be used as an 
ammeter? 

Ans. The strength of the current may be calculated in am¬ 
peres by the formula given on the next page when the dimen¬ 
sions of the instrument are known. 

The needle is supposed to be subject to only the earth’s magnetism 
and to move in a horizontal plane. The current is calailated as follows: 
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amperes* 


HXr 

N 


tan a;. 


. 0 ) 


in which 

constant from table on the next page; 

/—radius of coil; 

N=number of turns of coil; 
x=angle of deflection of needle. 

The constant H, given in the following table represents the horizontal 
force of the earth’s magnetism for the place where the galvanometer is 

used. Each value has been multiplied by sc that the formula (1) 


for amperes is correct as given. 





Fzo. 1.295.—Mechanical explanation of the tangent law. Construct an apparatus as shoim 
in the figure. The short wooden block, NS, represents the magnetic needle. This piece ot 
wood turns around its center C, which may be an ordinary nail. It will now be seen that 
two different forces act upon N; namely, the weight G, (one or two ounces), and the change¬ 
able weights which are placed in the scoop, W, (made of cardboard). The height of the roll, 
or wheel, R, is such that the cord, RN, runs horizontally, when NS, stands vertically, i.e., 
when there is no weight in the litUe scoop. If the wheel, R, be placed sufficiently far from 
NS, the string RN will always remain almost horizontal, even if NS, be deviated. The 
pointer on NS, moves over a horizontrJ scale, which is dividec into equal parts, as shown. 
This scale may be ma^e of cardboard. If the hand point to division 1, when one ounce is 
nlaced in the scoop, it will point to 2, for two ounces, to 3. for three ounces, etc. At 45* the 
needle is deviated at its greatest angle, and this is, therefore, the sensitivity angle of the 
tangent galvanometer. The deviating values are, therefore, proportionate to the scale divi¬ 
sions 01,02, and 03, and so on; and, inasmuch as these themselves are tangents, the tangent 
law will hold good. 





918 


Galvanometers 


Table of Galvanometer Constants.—Values of 


Boston 

. . . .699 

New Haven . 

. . . .731 

Chicago . 

. . . .759 

Philadelphia . . 

. . . .783 

Denver . . . 

. . . .919 

Portland, Me. . . 

. . . .674 

Jacksonville . 

1.094 

San Francisco . 

. . 1.021 

London . 

. . . .745 

St. Louis . . . 

. . . .871 

Minneapolis 

. . . .681 

Washington . . . 

. . . .810 

New York . . 

. . . .744 



Ques. How 

is the tangent 

galvanometer constructed to 


give direct readings? 


Ans. To obviate reference to a table, the circular scale of 




Fia. 1,296.—Graduation of tangent galvanometer scale ^ith divisions representing tangent 
values. In the Agure let a tangent OT, be drawn to the circle, and along this line let any 
number of equal divisions be set off, beginning at O. From these points draw lines back to 
the center. The circle will thus be divided into a number of spaces, of which those near O, 
are nearly equal, but which get smaller and smaller as they recede from O. These unequal 
spaces correspond to equal increments of the tangent. If the scale were divided thus, the 
readings would be proportional to the tangents. 


the instrument is sometimes graduated into tangent values, as 
in fig. 1,296, instead of being divided into equal degrees. 

Ques. What is the objection to the scale with tangent 
values? 

Ans. It is more difficult to divide an arc into tangent lines 
with accuracy than into equal degrees. 
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Ques. Describe the construction of a sine galvanometer. 

Ans. A fomi of sine galvanometer is shown in fig. 1,298. The 
vertical wire coil is seen at M. A needle of any length less than 
the diameter of the coil M, moves over the graduated circle N. 
The coil M, and graduated circle N, may be rotated on a ver- 



Fio. 1,208.—Sine galvanometer It differs from the tangent galvanometer m that the verticel 
coil and magnetic needle aie mounted upon a standard free to revolve around a vertical 
axis, with provision for determining the angular position of the coil The needle may be 
of any length shorter than the diameter oi the coil. In tlie fig ire the parts are M, coil; 
N, graduated dial of magnetic needle, II, graJualed dial by which the amount of rotation 
necessary to bring the needle to zero is measured, E, terminals of the coil, O, upnght stand¬ 
ard carrying coil and graduated dial of magnetic needle, C, base with leveling screws 

tical axis, and the amoimt of angular movement necessary to 
bring the needle to zero, measured on the graduated circle H, 

Ques. How is the current strength measured? 

Ans. It is proportional to the sine of the angle measured on 
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the horizontal circle H, through which it is necessary to turn 
the coil M, from the plane of the earth’s magnetic meridian to 
the plane of the needle when it is not further deflected by the 
current. 


Ques. How is the sine galvanometer operated? 

Ans. In using the instrument, after the needle has been set 
to zero, the current is sent through the coil, producing a deflec- 

TABLE OF NATURAL SINES AND TANGENTS 


if 

Sin. 

Tan. 


Sin. 

Tan. 


Sin. 

Tan. 

Z 

Sin. 

Tan. 


Sin. 

Tan. 

0® 

mSSS 


18® 


.3249 

36® 

.5878 

7265 

54® 


1.3764 

72® 

9511 

3.0777 




19 

.3258 

.3443 




55 

.8192 

1.4281 

73 

9563 

3.2709 

1 

,0175 

KlFE 




37 

.6018 

.7536 

56 

mmn 

1.4826 




2 


.0349 


.3420 


.38 

.6157 

.7813 




74 

9613 

3.4874 

8 






39 

.6293 

KM? 

57 

.8.387 

1.5399 

75 

9659 

8.7321 




21 

,3584 

.3839 




58 

Kmu 

1.6003 

76 

9703 

4.0108 

4 

.0698 

.0699 

22 

.3746 

.4040 

40 

.6428 

.8391 

S9 

.8572 

1.6643 
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.0871 

.0875 

23 

.3907 

.4245 







77 
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4.3315 

6 

.1045 

J051 




41 

.6561 

.8693 

60 


1.7321 

78 

. 9 ; 81 

4.704C 




21 

\mmi 

.4452 

42 

.6691 





79 

9816 

5.1446 

1 

.1219 

.1228 

25 

.4226 

.4G6:t 

43 

.6820 

9325 

61 

.8746 

1.8010 




i 

.1392 

.1405 

26 

.4384 

.4877 




62 

.8829 

1.8807 

80 

.9848 

5.6713 

9 

.1564 

.1564 




44 

.6947! 

.9657 

63 

.8910 

1.9626 


1 





27 

.4540 


45 


MEm 




81 

9877 

6.3138 

10 

.1736 

.1763 

•28 

.4695 

,5317 

46 
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1.0355 

64 

.8988 


82 
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7.11.54 




29 

.4848 
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65 

Miim] 

2.1445 

83 

9925 

8.1443 
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.1944 




47 

.7314 

1.0724 

66 
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.2079 
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,5774 

48 

.74.31 





84 

.9945 

9.5144 

13 
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49 

,7547 


67 
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2.3559 

85 

.9962 

11.43 




31 

.5150 





68 1 

.9272 

2.4751 

86 

.9J76 

14.30 

14 

.2419 

.2493 

32 

.5299 

.6249 

50 


1.1918 

69 

.9339 

2 6051 




15 

.2588 

.2679 

33 

.5446 

.6494 







87 

.9986 

19.0S 

16 

.2756 

.2867 




51 

7771 

1.2349 

wl 

.9397 

2.7175 

.88 

.9994 

28.04 




34 
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.6745 
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1.2799 
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.2924 


35 
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k. 
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Ques. Has the sine galvanometer a large range? 

Ans. For a given controlling field, it does not admit of a 
very large range of current measurement, since, for large de¬ 
flection, on rotating the coil the position of instability is soon 
reached. 

Ques. What is the position of instability? 

Ans. The position of the needle beyond which the rotation 
of the coil will cause it to turn all the way round. 

Ques. How may the range be increased? 

Ans. By an adjustable controlling field or a shimt. 

Ques. What advantage has the sine galvanometer over 
the tangent instrument? 

Ans. Its advantage is in the case where the relative values 
of two or more currents are required to be measured, or where 
the constant of the instrument is obtained by comparison with 
a standard measuring instrument and not calculated from the 
dimensions of the coil, because all galvanometers thus used 
follow the sine law independently of the shape of the coil, while 
only circular coils will follow the sine law. 

Damping Effect.—The term “damping effect’' means the 
offering of a retarding force to control swinging vibrations, such 
as the movements of a galvanometer needle, and to bring them 
quickly to rest. 

Frequently the sensitivity is the only characteristic speci¬ 
fied, but this is only one of three major characteristics. The 
critical damping resistance is an extremely important char¬ 
acteristic, as it is very difficult to work with a galvanometer 
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that is improperly damped. If excessively imder damped, the 
galvanometer system oscillates around its position of rest after 
a deflection, and if excessively over damped it will travel to 
its position of rest so slowly that it is very difficult to tell when 
the system has come to rest. A critically damped galvanometer 
is dead beat; that is, on deflection the system moves to, but 
does not pass, its new position and comes to rest there in the 
minimiun time, after which, with the removal of the current, 
the system returns to, but does not pass, its zero position. 





Flo 1,299 —Queen tangent and sine galvanometer. This instrument properly adjusted can be 
used as a standard instrument for laboratory work. The brass nng is 12 inches m diam¬ 
eter, and the grooves in which the wire is wound are carefully turned so as to be of true 
rectangular cross section, thus allowing the constant of the instrument to be accurately cal¬ 
culated and compared with the constant as obtained by other methods The compass box 
IS 5 inches in diameter and is so held m position that it may be raised or lowered, rotated 
on its vertical axis, shifted out of the plane of the coil, etc , thus enabling the operator to 
acquire proficiency with the instrument and to meet all cases of derangement possible. The 
dial IS graduated to single degrees, and the needle is suspended by a very light cocoon fibre. 
The whole instrument can be turned about its vertical axis, and a quadrant graduated m 
degrees upon the base allows the amount of rotation to be accurately measured, and the 
laws of the sine galvanometer investigated. The instrument is wound to measure .25 am¬ 
pere to 8 amperes. 


Experience has shown that it is most convenient to work with a gal¬ 
vanometer which is just slightly imder damped, and it usually pays to 
sacrifice sensitivity to attain such a condition. 

Very often proper damping may te produced by a shunt or a combina¬ 
tion of a shunt and senes resistance. In specifying a galvanometer, the 
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external critical damping resistance should be stated. If this cannot be 
done readily, a complete descnption of the circuit, external to the gal¬ 
vanometer, should be given 

External Critical Damping Resistance.—By definition, this 
is the external resistance in the galvanometer circuit necessary to 
produce the critically damped condition. 

The advantage of the critically damped condition rests chiefly 




Fia 1,300.—^Knott tinivcrsal lecture table galvanometer It comprises eight instnimenta rs 
in one 1, galvanometer^ one space deflection means 002 ampieres or 002 volt, 2, mtlh voU 
meter t range 25 roilli volts readmg to milli volt. 3, mtlltampere meter ^ lange 25 miUiamperc/t 
readmg to yi miUiampere. 4, volt meter, range 0 to 5 volts readmg to volt, 5. voU meter, 
range 0 to 25 volts readmg to H volt. 6. volt meter, range 0 to 125 volts readmg to 2H voles, 
7, ammeter, range 0 to 5 amperes readmg to ampere, 8, ammeter, range 0 to 25 amperea 
heading to yi ampere 
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in the fact that it aids in rapid work, since a galvanometer sys¬ 
tem when critically damped returns more promptly to rest 
than when in an imderdamped or over damped condition. 
Another advantage is that when approximately critically 
damped the system is prevented passing much beyond its 


B. 



Fio 1,301 —Knott Lampra projection galvanometer, adapted for projection wo»k Timescale 
chamber is of the regulation slide holder size with glass both sides of the indicator. It la 
arranged to give adequate adjustment lor any form of projection lantern, the indicator 
movmg over an arbitrary scale 


pjosition of rest upon its return, and therefore the zero or nil 
position is rendered more stable. This conduces to more accu¬ 
rate work when deflections are to be estimated. Practically, 

NOTE —Period reguirementa. When the proper sensitivity and external cntical dami>* 
mg resistance have been decided 'ipon, it usually devolves upon the designer of the galvanO' 
meter to secure as short a period as is possible, since the shorter the period the quicker may 
successive adjustments or readings be made The {x-mcipal exception to this statement arises 
in the application of galvanometers to ballistic measurements Here a short period is unde¬ 
sirable In special cases where the period must not exceed a certam value, it is better to specify 
the period and the external critical damping resistance, leaving it to the designer to obtam the 
greatest sensitivity possible 
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it is best to work with a galvanometer just slightly under¬ 
damped. 

The Differential Galvanometer. —This is a form of galva¬ 
nometer in which a magnetic needle is suspended between two 
coils of equal resistance so wound as to tend to deflect the needle 
in opposite directions. 



Fia. 1,C02.—Differential galvanometer. It conaista of two coils of wire, so wound as to have 
opposite magnetic effects on a magnetic needle suspended centrally between them. The 
needle of a differential galvanometer shows no deflection when two equal currents are sent 
through the coils in opposite directions, since, under these conditions, each coil neutralutes 
the effect of the other. Sometimes the current is so sent through the two coils, that eacti 
coil deflects the needle m the same direction. In this case the mstrument is no longer dif¬ 
ferential m action. If, when this condition obtams, the magnetic needle be suspended at 
the exact center of the Ime which joms the centers of the coils, the advantage is gained by 
obtaining a field of more nearly imiform mtensity around the needle When the needle 
18 suspended by a silk fibre, a final and most delicate adjustment can be obtained by raising 
or lowenng one of the levelmg screws slightly, so as to tilt the needle nearer to or farther 
from one of the coils. 


The needle of a differential galvanometer shows no deflection when two 
equal currents are sent through the coils in opposite directions, since 
under these conditions, each coil neutralizes the other’s effects. Such 
instruments may be used in comparing resistances, although the Wheat¬ 
stone bridgey in most cases, affords a preferable method. 


Ques. Name the special use of the differential galvano- 
meter. 
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Ans. It is used for comparing two currents. 

Qnes. What is the method of comparing corrents? 

Ans. If two equal cxirrents be sent in opposite directions 
through the coils of the galvanometer, the needle will not move; 
if the currents be unequal, the needle will be deflected by the 
stronger of them with an intensity corresponding to the differ¬ 
ence of the strength of the two currents. ‘ 



Fios. 1,303 and 1,304.—Knott triple laminated high school galvanometer, 30 megohm sen* 
sibility. The laminated magnets give greater magnetic strength, enabling heavier ribbon 
suspensions to be used, thus decreasing the liability of breakage. The coil is of the close 
wound type, and forms part of the suspension system, which can be removed by loosening 
one screw. The aero adjustment and coil lift operate by turning a knurled screw head. 
Deflection readings are made directly by pointer moving over a in. horizontal dial gradu¬ 
ated in degrees. This galvanometer is specially adapted for the use of balliatie eoiU in 
capacity and self-induction experiments. 


Ques. How are the coils adjusted? 

Ans. This is done by coupling them in series in such a way 
that they tend to turn the needle in opposite directions, and 
when a current is nassing through them tJiey are moved nearer 
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to the needle or farther from it until tlie needle stands at zero 
with any current. 

If the coils be not movable, a turn or more can be unwound from the 
coil giving the greatest magnetic effect until a balance is obtained, the 
wire 80 unwound can then be coiled in the base of the instrument. 

Ballistic GalTanometer. —This type of galvanometer is de¬ 
signed to measure the strength of momentary currents, such 
for instance, as the discharge of a condenser. In construction 



Fiq. 1,305.—Weston x>rtable student galvanometer. Resistance approximately 25 ohms 
The current required for a millimeter (one scale division) deflection is 22 micro-amperes. 
With 1 volt, a de.flection of 1 millimeter will be obtained through 45,500 ohms, but as a de¬ 
flection of 2 of a millimeter can be readily detected, the galvanometer is, in reality, service¬ 
able through 227,500 ohms This galvanometer is designed for the use of students in colleges 
and schools, for making bridge measurements, and for the detection of small currents. 


the magnetic system is given considerable weight, and arranged 
to give the least possible damping effect. 

If a momentary current be passed through a ballistic galvanometer, 
the impulse given to the needle does not cause appreciable movement to 
the magnetic system until the current ceases, owing to the inertia of the 
heavy moving parts, the result being a slow swing of the needle. 

Ques. What name is given to the swing of a ballistic gal¬ 
vanometer needle? 
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Ans. It is called the kick. 


Ques. How is the current measured? 

Ans. As the needle swings slowly around it adds up, as it 
were, the var 3 dng impulses received during the passage of the 
momentary current, and the quantity of electricity that has passed 
is proportional to the sine of half the angle of the first swing or kick. 



Fio 1 3X —Queen dead beat and ballistic reflecting galvanometer. Aa illmtmtmdt the coils are 
easily removable and enclose a heavy blodc of copper fixed m a central fork. In a cylm< 
dncal hole bored in tii s bio-k hangs the bell magnet which with its mirror is suspendad 
by a long cocoon fibre, and tne eddy currents induced in the copper bring the system quickly 
to rest after a deflection By liftmg the copper block out of the frame the instrument w 
made ballist ic. The instrument is ms^e with coils of any desired resista n ce up to 1,000 ohms. 


If a reflecting method be used with a straight scale, the observed de¬ 
flection depends upon the tangent of twice the angle of movement of the 
needle. For small deflections, however, the change of flux can be taken 
as directly proportional to the observed deflection. 

Shunted Ballistic Galvanometer.—It may be shown, that in 
discharging a condenser, for example, through a shimted ballis¬ 
tic galvanometer, the quantity of electricity divides inversely in 
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proportion to the resistance of the two paths, one through the gal¬ 
vanometer and the other through the shunt. However, the 



Flos. 1,307 and 1,308 —^Knott laminated vertical magnet galvanometer, 70 megohm sensib- 
ibty. The unit suspension system shown m fig 1,308, carries the coil, upper and lower sus¬ 
pension, zero adjustment and coil lift, all composing a single unit attached to the back base 
plate. A back target fiducial mark is used, with a front opening wide enough for both edges 
to be used in their normal position without errors of parallax By removing the reading 
device, reflections can be read by telescope reading Sensibility is 70 megohm, equal to 
all requu-ements for laboratory use, resistance about one ohm per megohm. 

NOTE —A ahort period is undesirable m a galvanometer which is to be used for ballistic 
measurements Not only does a short period make it difficult to read the maximum deflection 
or throw, but the throw itself may be appreciably in error if the time of discharge through the 
galvanometer be not short in comparison with the period of the galvzinometer For these reasons 
a galvanometer for ballistic measurements should have a long period. This can be obtained 
by weightmg the coil, but it is more efficient to use a coil of greater width Of course, where 
a very long period is necessary, the coil can be made wide, and weighted in addition How¬ 
ever, for measurements requiring a ballistic galvanometer of very long period, it has been found 
more convenient to employ a modification of the ballistic galvanometer known as the flux- 
meter. The fluxmeter is a ballistic galvanometer in which the restonng torque has been re¬ 
duced to a minimum, and the damping made as great as possible Wh4n measuring flux with 
such an instrument and an auxiliary exploiing coil, the position of the galvanometer coil follows, 
almost immediately, any change m flux through the explormg coil. The fluxmeter is so 
much more convenient to use that it is recommended for all measurements which would other¬ 
wise require such a ballistic galvanometer. It is believed by some, that a galvanometer to be 
used balhstically should be undamped While it is true that an undamped ballistic galvano¬ 
meter 18 more sensitive than a critically damped ballistic galvanometer, the critically damped 
galvanometer is much more convenient Ballistic galvanometers are now available with suffi¬ 
ciently high sensitivity to make it unnecessary to dispense with the damping. Accordmgly 
for convenience, a ballistic galvanometer is recommended for cntically damped condition. 
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consequent throw will not be related in a simple manner to the 
shunt resistances at the various shunt points because the damp¬ 
ing will depend upon the circuit resistance. 

If, on the other hand, an Ayrton universal shunt be employed when 
measuring condenser discharges, the damping constant does not change 
for the various shunt points, since the galvanometer circuit resistance re¬ 
mains constant for all shunt settings. It suffices, therefore, to determine 
the galvanometer constant for one shunt ratio and follow the shunt mark¬ 
ings for other positions. 



ww 

SHUNT 



Fio. 1,309.—Diagram showing method of connecting galvanometer shunt. By the use of a 
shunt the range of measurement of a galvanometer can be greatly increased. 


In using a shunted ballistic galvanometer on any other than an ex¬ 
tremely high resistance circuit a shunt cannot be used unless the galva¬ 
nometer constant be determined for the shunt point and circuit conditions 
to be afterwards employed. To illustrate, in making measurements of 
magnetic induction, the test or search coil will usually have a low resist¬ 
ance, resulting in a change in the damping constant when the shunted 
galvanometer is applied to the search coil circuit, and a further change 
when the shunt switch is moved from one point to another. Even an 
Ayrton shunt may not be used under these circumstances without deter¬ 
mining the galvanometer constant for the particular shimt setting and 
circuit resistance to be employed in making the induction measurements. 
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To avoid error from these causes it is customary always to have in series 
with the search coil the secondary of the mutual inductance to be em¬ 
ployed in determining the galvanometer constant. It is of interest to show 
the sensitivity of a ballistic galvanometer in two ways. The total quantity 
of electricity passing through both shunt and galvanometer should be 
considered. 

The other method is to consider the galvanometer throw for a unit 
quantity of electricity passing through the galvanometer coil. This last 



Fig. 1,310. —Aynon aniversal shunt. Multiplying powers 1, .1, .01, .001, .0001, 0, and inf.n- 
ity. This typje of shunt may be supplied with a total resistance of 3,000, 10,000, 30,000 and 
100,000 ohms. In selecting a shunt the external critical damping resistance of the galvanom¬ 
eter with which the shunt is to be used should be considere . A shunt should be selected 
which will enable the u.se of the galvanometer in approximately critically damped condi¬ 
tions. Of course the resistance of the circuit lieyond the shunt should be taken into account 
when making the selection. 


NOTE .—Sensitivity requirements, A galvoKomeler should have u sensitivity sufficient 
to permit reading to a degree of precision commensurate with the *. equirements of the work to be 
undertaken. It is usually a matter of simple calculation to determine the required sensitivity. 
It is not desirable to employ a galvanometer having a sensitivity fcir greater than the work 
iemands, because this results in working with a galvanometer which is more difficult to use. 
Another objection arises from the fact that the period is probably longer than necessary because 
of the higher sensitivity, and as a result the time taken for successive adjustments or readings 
is relatively longer. An additional disadvantage is that considerable time is likely to be wasted 
by making too many trials in attempting to obtain too close adjustment. Furthermore, a 
gjdvanometer having an unnecessarily high sensitivity is likely to have a less stable zero, 
particularly since in this case the high sensitivity implies greater departiare from zero in making 
the settings. 
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method is useful in showing clearly how the shunt affects the sensitivity 
by reason of its damping. 

Galvanometer Shunts.—^The sensitiveness of a galvanometer 
used for measuring current may be reduced to any desired 
extent by connecting a resistance of known value in parallel 
with it. Thus, if it be desired to measure a current greater 
than can be measured directly by the galvanometer, a part of 
the current can be sent through the resistance or shunt, and 
the total value of the current calculated. 



Fig 1,311 —Diagram of a form of universal shunt box for use with galvanometers c ivideiy 
different resistances 'I he galvanometer*, as indicated at G, is connected across the end» 
of a senes ol resistances AB The mam wires are connected, one to end A, of the senes 
and the other to a traveling point whose position is varied by means of plugs or by a dial 
switch. 

A galvanometer shunt bears a definite ratio to the resistance 
of the galvanometer, being usually adjusted so that only .1, 
.01, or .001 part of the current passes through the galvanometer. 

The degree in which a shunt increases the range of deflection 
of a galvanometer is caUed its “multiplying power.” 


If .1 of the current flowing, passed through the galvanometer and .9 
through the shunt, then the current in the circuit would be ten times that 
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t±Lrough the galvanometer Accordingly the current in the galvanometer 
must be multiplied by the multiplying power of the shunt to obtain the 
true value of the current in the circuit 

In order to determine the resistance necessary to be used 
with a certain galvanometer, the resistance of the latter is to 
be divided by the multiplying power desired, less one. 



Fiq 1,312 —Queen projection or lecture table galvanometer, used also by manufacturers as a 
current detector on work benches to note if circuit winding, coil, etc be complete The 
galvanometer is a pivot and jewel type D'Arsorval and requires no leveling or adjusting Th* 
telescope suppor allows for adjusting the height The sc^e is etched in glass 


Example.—'What must be the resistance of a shunt for a galvanometei 
of 2,000 ohms resistance where only one-fifth of the current is to pass 
through the galvanometer? 
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The multiplying power less one is 

5-1=4 

and the required resistance is 

« 2,000-^4 = 500 ohms. 

Damping.—This relates to the checking or reduction of oscil¬ 
lations. Thus, a galvanometer is said to be damped when so 



Fiq. 1,313.—Knott self-leveling D Arsonval galvanometer, 600 megohm sensibility, designed 
especially for advanced laboratory work It can be used either as a all or table instrument 
IS both self-centering and self leveling The instrument is hung from universal gimbals, so 
that both magnet and ^il are always m correct relation. Resistance 400 ohms 

constructed that any oscillations of the pointer which may be 
started, rapidly die away. Galvanometers are frequently pro¬ 
vided with damping devices for the purpose of annulling these 
oscillations, thus causing the moving part to assume its final 
position as quickly as possible. 
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F*a. l,314.-~Thomp8on galvanometer with mirror reflecting system for reading tlie deflections 
of a galvanometer needle by the movemetits of a spot of light reflected from a mirror attached 
to the needle or movable magnetic system. 



method of reading galvanometer deflections by reflection of scale leadii^ 
m namur. Here two mirrors are used, but in most cases the telescope is pointed directly 
towara the minor on the galvanometer shown in fig. 1,314, because the two mirror system 
as illustrated in t^he figure* is used on portable galvanometers since it is the more 
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Sometimes the instrument is fitted with a damping coil, or closed coil 
so arranged with respect to the moving system that the oscillations of the 
latter give rise to electric currents in the closed coil, whereby energy is 
dissipated. Again, air vanes are employed, but anything in the nature of 
solid friction cannot be used. 


Use of Mirrors in Galvanometers.—In order that small 
currents may be measured accurately, some means must be 
provided to easily read a small deflection of the needle. Ac- 



Fius 1,316 and 1,317 —Galvanometer lamp and scale for individual use 'I'hc scale is etched 
on a giound glass strip 6 centimeters wide by bO centimeters long with long centimeter divi¬ 
sions ana short millimeter divisions the entire length, reading both ways liom zero in the 
center It is mounted in an adjustable w'oolen frame A straight filament lamp illO volts) 
IS enclosed in a metal hood japanned black to cut out all reflected light. This form of fila¬ 
ment makes a single brilliant line on the scale, enabling closer readings than the “spot of 
light” arrangement. The lamp hood is adjustable to any desired height on the support rod. 


cordingly, it is desirable that the pointer be very long so that a 
large number of scale divisions may correspond to small de¬ 
flections. In construction, since sensitive galvanometers must 
be made with the moving parts of little weight, it would not 
do to use a long needle, hence a ray of light is used instead. 
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which is reflected on a distant scale by a small mirror attached 
to the moving part. 

In the Thompson mirror reflecting galvanometer, as shown in fig. 1,314, 
a small vertical slit is cut in the lamp screen below the scale, and the ray 
of light from the lamp, passing through the slit, strikes the mirror which 
is about three feet distant, and which reflects the beam back to the scale. 



Fig. 1,318 —Reading telescope This arrangement is utilized to measure the deflections of 
a galvanometer having suspended mirror moving system. It consists of a reading telescope 
mounted as illustrated with a millimeter scale, having a length of 50 centimeters In use, 
the image of the scale is seen m the galvimometer mirror through the telescope The eye 
piece of the telescope has a croos hair which acts as a reference line so that by noting the 
particular division on the scale when the galvanometer is at rest, the amount of deflection 
can be readily observed when the galvanometer is deflected The instrument has all the 
necessary adjustments to set it up quickly and for bnnging the cross hair and scale in focus. 
It 18 generally placed at a distance of one meter from the galvanometer mirror. 


It should be noted that the angle between the original ray of light and 
the reflected ray is twice the angle of the deflection of the mirror; the ae- 
flections of the ray of light on the scale, however, are practically propor¬ 
tional to the strength of currents through the instrumait. 

The mirror arrangement as shown in fig. 1,314, requires a daiKened room 
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for its operation, but such is not necessary when a telescope is used as 
in fig. 1,315. Here the scale readings are reflected in the mirror and their 
value observed by the telescope without artificial light. 


D’Arsonval Galvanometer.—This instrument has a movable 
coil in place of a needle, and its operation depends upon the 
principle that if a flat coil of wire be suspended with its axis 

-fA 



Figs. 1,319 and 1,320.—Diagrams showing essential features of construction and principle of 
operation of D’Arson val galvanometer. 


perpendicular to a strong magnetic field, it will be deflected 
whenever a current of electricity passes through it. 

Ques. Describe the construction of a D’Arsonval galvan* 
ometer. 

Ans. The essential features are shown in figs. 1,319 and 1,320. 
The coil, whic^ is rectangular in section is woimd upon a cop¬ 
per form, and* suspended between a permanent magnet by fine 
wires to the points A and B. The magnet has its poles at N 
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and S. It has a soft iron cylinder fixed between the poles in order 
to intensify the magnetic field across the air gaps in which the 
coil moves. 

Ques. Explain its operation. 


Ans. An enlarged horizontal cross section of the galvan¬ 
ometer on line XY, is diown in fig. 1,320. The current is flowing 



Fra 1,321 —^Knottseu levefingwall galvanometer 


in the coil as in fig. 1,319, up on the left side and down on the 
nght. The position of the coil when no current is flowing is 
indicated by n' s'. By applying the law of mutual attraction 
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between magnetic poles, it is seen that when the current is 
applied, the poles developed at n' s', will move into the posi¬ 
tion n" s", as shown in fig. 1,320. 

Ques. How is the coil affected by a change in the direction 
of the current? 

Ans. The polarity of the coil is reversed and consequently 
the direction of the deflection. 


7T 



Fia. 1,322.—Knott radio micrometer heat indicator. It contains the fundamental parts of 
the D Arsonval galvanometer, but with the moving coil replaced by a sensitive thermo¬ 
electric coupiC. A candle llame 50 It. distant will cause a markel dellection. The deliect> 
mg horn is mounted on a movable ring, so that the heat can be received from either side 
only. The heat from the body of the observer therefore cannot affect the readings. 

Ques. Upon what does the sensitiveness of the instru¬ 
ment depend? 

Ans. Upon the strength of the field of the permanent mag¬ 
net, the number of turns in the suspended coil, and the torsion 
of the wires by which it is suspend. 




caUed <‘dead beat^ 
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Ans. When the construction is such that th^ moving part 
comes quickly to rest without a series of diminishing vibrations. 

Ques. What causes this? 




Fto. 1^23.—Queen high sensitivity galvanometer I he coil system is contained in its case 
as a separate unit, so that any number of systems can be placed in the same magnet The 
damping is attained by the induced currents set up in a closed copper circuit on the coil 
This current is removable thereby making the system dead beat or ballistic The deflections, 
whether the damping circuit be on or off the coil are proportional to the current passed through 
the coil, or to the quantity ot electricity discharged through when used ballistically The 
coil 18 protected by means of a clamp operated from the back ot the coil case It is designed 
so as to prevent too much pressure being exerted on the coil 
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Ans. The instrument is made dead beat by winding the coil 
on a copper or aluminum frame, so that when in operation, 
currents are induced in the frame by the motion of the coil in 
the magnetic field; these currents oppose the motion of the coil. 

Ques. For what s^vice is the D’Arsonval galvanometei' 
adapted? 

Ans. It is desirable for general use as it is not much affected 



*^as. 1,324 and 1,325.—Leeds and Northrup portable galvanometer, pointer type with removable 
aystem. This type has sufficient sensitivity for Wheatstone bridge work to accuracies of 
Vio%;for potentiometer measurements to .05 millivolt; and for a variety of purposes for 
which reflecting instruments might be supposed to be required. Ss^tem, pointer and scale 
is contained in removable interchangeable unit. Scale, 15 mm. divisions either side of a 
central zero, viewed through glass covered aperture. Zero adjustment provided by screw 
on top suspended system housing. Fig. 1,324 shows galvanometer and fig. 1,325 system. 


by changes in the magnetic field. It may be made with high 
enough period and sensitivity to be satisfactory as a ballistic 
instrument, but for extreme sensitivity an instrument of the 
astatic ts^ie is more generally used. 


Galvanometer “Constant” or “Figure of Mmit.”—In order 
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that a galvanometer shall be of value as a measuring instru¬ 
ment, the relation between the current and the deflection pro¬ 
duced by it must be known. This may be obtained experi¬ 
mentally by determining the value of the current required to 
produce one scale division. The galvanometer constant then 
may be defined as the resistance through which the galvanometer 


-I 

I’i 



Fig. 1,326.—Queen wall tyi>e D’Arsonval galvanometer designed for general work in electricid 
measurements. The instrument can be leveled by means of tlie side gimbal screws and the 
screw at the bottom. The pole pieces have been shaped in relation to the shape of the 
so as to produce proportional deflections. The scale is curved so as to irake the deflection 
proportional to the angle of deflection. It is mounted upon an aluminum back controlled 
by a rack and pinion for zero adjustment. The scale is divided into millimeters with 250 
dimensions in black on one side and 250 dimensions in red on the other side of zero. 


will give a deflection of one scale division when the current applied 
is at a pressure of one volt. 

Accordingly, the deflection as indicated on the scale must be 
multiplied by its constant or figure of merit, in order to obtain 
the correct reading. If the scale readings be not directly 
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proportional to the quantity to be measured, the law of the 
instrument must also be considered. 

Thus in a tangent galvanometer as previously explained 
I==Ktan<^ 

where I = current, </>, the deflection or scale reading, and K, the galvan¬ 
ometer constant. 



Fio. 1327.—Queen type S wall D’Araonval galvanometer designed fo/ use in both educational 
and commercial laboratories. 


When it is essential that the total resistance of the circuit 
should not be altered by an alternation of the galvancaneter 
shunt, a compensating box should be used which automatically 
inserts a resistance for each shunt in series with the shunted 
galvanometer to bring the total resistance up equal to the un¬ 
shunted value. Thus the current in the main circuit is not 
altered. 
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Sensitivity.—There are four convenient definitions of this 
characteristic, involving some statement of the electrical con¬ 
ditions required to secure a standard deflection. 

Current sensitivity 
Megohm sensitivity 
Voltage sensitivity 
Ballistic sensitivity 

Current sensitivity .—^This is the current required to give the standard 
deflection. 

In any d’Arsonval galvanometer it is the current flowing through the mov¬ 
ing coil that causes the deflection, and all other expressions of galvanometer 
sensitivity are derived from the current sensitivity. 

Megohm sensitivity .—^This is the number of megohms resistance that 
must be placed in series with the galvanometer in order that from an impressed 
e.m.f. of one volt there shall result the standard deflection. 

Inasmuch as the galvanometer coil resistance is usually negligible in com¬ 
parison with the total resistance in series, the megohm sensitivity is only 
another way of stating the current sensitivity. The number representing 
the megohm sensitivity is the reciprocal of the number representing the cur¬ 
rent sensitivity. The megohm sensitivity is the constant usually stated for 
galvanometers to be used for measuring insulation resistance. 

Voltage sensitivity .—This is the voltage that must be impressed on the 
circuit made up of the galvanometer c6il and the external critical damping re¬ 
sistance , in drder that there shall result the standard deflection . The voltage sen¬ 
sitivity is equal to the product of the current sensitivity and the total resist¬ 
ance in circuit. It is the constant usually stated for low resistance galvanom¬ 
eters to be used for detecting very small e.mf.*s such as those generated 
by thermo-couples. 

Ballistic sensitivity .—^This is the quantity of electricity that must sud¬ 
denly be discharged through the galvanometer in order that there shall result 
the standard deflection. 

It is the constant usuan)^ given for galvanometer to be used ballistically 
for the measurement of brief discharges from condensers or inductances. 
The ballistic sensitivity constants refer to the undamped condition of the 
galvanometer. The sensitivity of a ballistic galvanometer when critically 
damped is about one third of the undamped sensitivity. 
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The third definition, the micro-volt sensitivity, is usually 
employed with low resistance galvanometers. The first and 
second are used interchangeably with high resistance galvanom¬ 
eters, and in the same galvainometer are numerically equal. 

External Critical Damping Resistance .—^This is the resistance 
which must be placed in series or in parallel with the galvanometer to 
produce the critically damped condition. 






Fio. 1,328.—Queen portable D’Arsonval galvanometer. The deflections are proportional to 
the current and the scale has 30 divisions each side of the center. A zero adjustment is 
provided. 


Period .—^The period usually stated for a galvanometer is the full un¬ 
damped period, which is the time in seconds elapsing between two suc¬ 
cessive passages in the same direction through the position of rest:. It is 
customary to take the period of critically damped galvanometer as equal to 
its undamped period, for while the critically damped period is theoretically 
infinite, practically, a critically damped deflection is within about 1.5% 
of its final position in the undamped periodic time. While the hdl \m- 
damped period is stated for ballistic galvanometers, the quarter period 


NOTE .—The Bureau of Standards recommends including the external critical damping 
resistance in the galvanometer circuit when calculating or determining the voltage sensitivity. 
Some foreign makers specify the voltage sensitivity at the terminals of the galvanometers with¬ 
out the critical damping resistance in series. This latter sensitivity may be several tinuM the 
former- This fact should be borne in mind when selecting a galvanometer. 
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(or the time for the initial deflection away fi om zero) is of principal interest 
in ballistic measurements. When critically damped, the time for the 
quarter period is obtained by dividing the undamped quarter period by 
2x3.1416. 


TEST QUESTIONS 


1. What is a galvanometer? 

2. What is a galvanoscope and how does it differ jrom 

a galvanometer"' 

3. What effect has a neighboring current upon a 

magnetic needle? 

4. How does a galvanometer indicate the direction and 

strength of the current? 

5. How should a galvanometer be set up before using? 

6. What is a "sensitive" galvanometer? 

7. Upon what does the sensitivity depend? 

8. What is the difference between a short coil and a long 

CO i I galvanometer ? 

9. Explain the operation of short and long coil galvano¬ 

meters. 

10. Give the two general classifications of galvanometers. 

11. Name six kinds of galvanometers. 

12. What is an astatic galvanometer and for what use 

is it adapted? 

13. Does the'astatic galvanometer give correct readings 

for different values of the current? 

14. Describe a tangent galvanometer, arid its use. 
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15. Upon what does the sensitivity of the tangent gal¬ 

vanometer depend? 

16. How may the tangent galvanometer be used as an 

ammeter? 

17. Explain the tangent law; give mechanical explana¬ 

tion of this law. 

18. How is the tangent galvanometer constructed to give 

direct reading? 

19. What is the disadvantage of the tangent galvanometer? 

20 . Describe the sine galvanometer and its use. 

21. How is current strength measured with the sine 

galvanometer? 

22 . What is the position of instability of the sine galvan¬ 

ometer? 

23. What advantage has the sine galvanometer over the 

tangent galvanometer? 

24. Define the term "damping effect.” 

25. What is the external critical damping resistance? 

26. Define the term "period” and what are the period 

requirements? 

27. Describe the differential galvanometer and its use. 

28. What is the method of comparing currents with the 

differential galvanometer? 

29. How are the differential coils adjusted? 

30. Describe the ballistic galvanometer and its use. 

31. What is a "kick”? 

32. Describe the shunted ballistic galvanometer. 

33 . What are galvanometer shunts and how are they used? 
34 Define the term "dambing.” 
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35 . How are mirrors used in galvanometers? 

36 . Explain the construction and principle of the D'Arson- 

val galvanometer. 

37 . When is the D'Arsonval galvanometer called ''dead 

beat"? 

38 . What is the galvanometer "constant" or "figure of 

merit”? 

39 . Give four definitions for sensitivity. 
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CHAPTER 38 

D.C. Indicating Instruments 

The various devices considered in this chapter for indicating 
current, pressure and electrical energy are known as: 

1. Ammeters; 

2. Volt meters; 

3. Electro-dynamometers; 

4. Wattmeters. 

An ammeter is simpiy a commercial form of galvanometer so 
constructed that the deflection of the needle indicates directly the 
strength of current in amperes. 

A good ammeter should have a very low resistance so that very little of 
the energy of the current will be absorbed; the needle should be dead beat, 
and sufficiently sensitive to respond to minute variations of current. 

According to the principle of operation, ammeters and volt 
meters are classified as: 

1. Moving iron; 

2. Moving coil; 

3. Solenoid or plvmger; 

4. Magnetic vane; 

5. Hot wire; 

6. Electrostatic} 
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7. Astatic; 

8. Inclined coil; 

9. Fixed and movable coil. 

Again, they are divided according to their use into tv/o classes; 



Fia. 1,329 —Moving element of Brown-Keystone instruments, weight 1 2 grams 


PiQ 1,330—Moving element of Brown Keystone mstruments assembled m bearing. The 
moving element consists of co*l, counterpoise and pointer The mechanical connections are 
made by means of screws ard steady pins In order to adjust lor slight set or subset of 
spring under long use a zero adj ^ter is provided by means of which this set can oe coo* 
nected and <^he pointer brought back to zero. 
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1. Portable type; 

2. Switchboard type. 

Milli-ammeters or milli-volt meters are instruments in which the scale 
is graduated to read directly in thousandths of an ampere or thousandths 
of a volt respectively. 


Ques. Describe the moving iron type instrument. 


w- 



Fko, 1,331.—Moving iron type instrument. The essential parts are: N, soft iron needle; C, 
coil; M, permanent magnet; P. pointer; S. scale. Current passing through the coil acts 
on the needle, causing it to turn against the restrainmg force due to the influence of the 
permanent magnet. 


Ans. The arrangement of the working parts is shown in 
fig. 1,331. A soft iron needle is pivoted at N, inside of a coil C, 
and is held out of line with the axis of the coil by means of a 
permanent magnet M, when the instrument is idle. In this 
position, the pointer P, which is attached to the needle, stands 
at the zero mark of the scale S. 
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If a current be passed through the coil, magnetic lines of force are set 
up in its center, wliich tend to pull the needle into line with them, and 
tWefore with the axis of the coil. This pull is resisted by the permanent 
magnet M, and the amount of deflection of the needle from the zero po¬ 
sition depends upon the strength of the current or the voltage according 
to whether the coil is wound to indicate amperes or volts. 

Ques. What is the principle of the moving iron type in¬ 
strument? 



Flos. 1.332 to 1,337.—Principle of moving iron repulsion instruments. If direct current be sent 
through the two small pieces of iron suspended vertically within a solenoid by thread as in 
hg 1,332, they will become magnetized and smce they are m the same magnetic field both will 
be affected the same, and will repel each other as m fig. 1,333. if the current be sent thiou^ 
the solenoid in the opposite directicn the result will be the same. Next if the coil be 
on Its side and the two pieces of iron be placed within it horizontally as in fig. 1,335, cme 
fixed and the other free to move and a current be passed through the solenoids the two 
pieces of iron will repel each other If an o r. be used instead of d. c. and it reverse with 
sufficient frequency, the polarity ot the two pieces of iron will reverse in step with the cur¬ 
rent and they will repel each other as before. Hence on employing this principle in instru¬ 
ment construction two curved pieces of iron are used, one fixed and the other pivoted so 
that it will rotate when e’ec<^riraHy repelled from the fixed iron as in fig. 1,337, A pointer 
atcaci^ to the movable iron moves over s inra luated scale 
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Ans. This type of instrument depends for its action upon the 
Pull of flux in endeavoring to reduce the reluctance of its path. 

This pull is proportional to the product of the flux and the current, and 
so long as no part of the magnetic circuit becomes saturated, the flux is 
proportional to the current, hence the pull is proportional to the square of 
the current to be measured. 

Ques. Describe a moving coil instrument. 

Ans. This type of instrument is shown in fig. 1,338. It con¬ 
sists of a moving coil C, to which is attached a pointer P, and 



Fio. 1,338.—Moving coil type instrument. The essential parts are: A. spiral spring; C, coil; 
K. soft iron core; M, permanent magnet; P. pointer; S, scale. Current passing through 
the coil causes the moving system to turn against the restraining force due to the influence 
of the permanent magnet. 

which is pivoted between the poles of a permanent magnet M. 
The coil moves between these poles and a fixed soft iron core 
K, and is held in the normal position by two spiral springs A, 
above and below the coil. The springs also serve to make elec¬ 
trical connection with the coil C. 

When a current passes through the coil, magnetic lines are set up in it 
which are at an angle to those passing from one pole of the permanent 
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magnet to the other. The lines of force, which formerly passed from one 
pole of the magnet to the other by straight lines or by short curved ones, 
are *'stretched'* on account of the field produced by the current in the 
coil, and, in trying to shorten themselves, tend to twist the coil through 
an angle. This tendency to move is resisted by the two spiral springs, 
hence the coil moves imtil equilibrium is established between the two 
opposing forces. 

The amount of deflection of the pointer depends, either 
upon the current strength, or the voltage according to the 
winding of the coil. 



Fjo. 1,339. —Reliance dissectable volt meter and ammeter for d. c. and a. c. This meter was 
designed to show in the simplest form possible the similarity in construction of a volt and 
ampere meter of the magnetic vane principle. As the difference of volt meters and ammeters 
of this type is in the series spool or coil only, the moving element is so arranged that it may 
be easily removed from the volt meter coil and mounted in either the low reading ammeter 
coil or the one of greater carrying capacity, or vice versa ■ The series coil of the volt meter is 
wound with a very fine wire and a resistance put in series to adjust same for the voltage or 
scale marking. The size of wire with which the ammeter coils are wound must be of the carry¬ 
ing capacity for which the scale is drawn. A very distinct comparison of the three ampere 
coil and the one hundred ampere coil is here shown. 
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/Ans. An ammeter coil consists of a tew turns of heavy wire (when designed to carry 
the full current), while a volt meter coil is wound with many turns of fine wire. Thus, 
the ammeter is of low resistance, and the volt meter of high resistance. 
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Ques. Why is a high resistance coU used with a toH 
meter? 

Ans. As actxially constructed, most volt meters are simply 
special forms of ammeter. From Ohm’s law, the current 
through a given circuit equals the pressure at its terminals di¬ 
vided by its resistance. Hence, if a high resistance be con¬ 
nected in series with a sensitive ammeter that will measure 
very small currents, then the current passing through the cir- 



Pigs 1 ,342 and 1 ,343 —Connections for senes and shunt ammeters When the construction is 
such that all the current passes through the instrument, it is connected as in fig 1,342, but 
where the instrument is designed to take only a fraction of the current, it is connected across 
a shunt, as in fig 1,34d, a definite proportion of the ctirrent passing through the instrument 
and the remamder through the shunt 


cuit is directly proportional to the voltage at its terminals, 
and the instrument may be calibrated to read volts. 

Ques. Into what two classes may ammeters be divided? 

Ans. They are classed as series or shunt according to the 
way they are designed to be connected with the circuit. 
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Qnes. What determines the mode of connecting am¬ 
meters? 

Ans. When the wire of the ammeter coil is large enough 
to carry the whole current, it is connected in the circuit in 
series as shown in fig. 1,342. If, however, the wire be small, 
the instrument is connected in parallel with a shimt of low re¬ 
sistance, so that it only carries a small part of the current, as 
in fig. 1,343. 



Fig. 1,344.—Weston ammner, view showing shunt enclosed within the instrument. Weston 
mstruments are direct readmg and dead beat. Although the scales h^ve practically uniform 
divisions. It IS not assumed in the calibration that they are uniform, *nd the scales are not 
pnnted or engraved The method of cahbration consists m laying out each large division 
<rf the scale by comparing the instrument with a standard, and then inking m the division 
lines so found The smaller divisions between the large ones are then equally spaced and 
marked by a mechamcal method. 

For circuits which carry large currents, the shunt connection is always 
used, because otherwise the coil of the ammeter would have to be very 
heavy and the instrument correspondingly bulky. 

Ques. How are shunt ammeters arranged to correetly 
measure the eurrent? 

Ans. The coil is arranged so that a definite proportion of 
the whole current passes through it. 
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A large conductor of low resistance is connected diiectly between the 
two terminals or binding posts of the instrument, the coil is connected as 
a shunt around a definite part of this mam conductor, then, since the two 
are connected in parallel and each branch has a definite resistance, the 
current divides between the two branches directly in proportion to their 
relative conductivities, or inversely according to their resistances. The 
<'oil, therefore, takes a definite part of the whole current, and the force 
moving It and its pointer away fiom the zero position is directly propor* 



ffia 1,345 —Weston portable standard ammeter with self contained shunts The pointer 
18 knife edged and each inbirument is equipi^ed with a zero correcting device 


tional ♦^o the whole current Hence, by providing a proper scale, Jie value 
of the entire current will be indicated 


Ques. How is a volt meter connected? 

Ans A volt meter is always connected to the two points, 
whose difference of pressure is to be measured. 


NOTE —Instrument e’^rors on rectified circuits. If an instrument of the first class 
Hnd one of the second be connected in senes with a rectified current, their indications will 
difiet according to the relation the ripple bears to the total current and the form factor of the 
npple This discrepancy may be m the neighborhood of 2 to 5 per cent under commercial 
operatmg conditions as shown by the actual tests The upper limiting value of che error would 
be equal to the form factor, or ratio between the root mean square and the average value of the 
wave In the case of a sine wave this amounts to 1 11, causing an error of 11 pier cent in the 
reading If it be desired to measure the watts taken by a translating device of any character, 
a dynamometer type of wattmeter should be used in preference to any other By so domg, 
no errors due to rectified current peculianties will be introduced. 
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For instance, to measure the voltage between the two sides A and B, 
of the circuit shown in fig. 1,346, one terminal of the volt meter is con¬ 
nected to wire A, and the other to wire B. If the ‘‘drop" or difference in 
voltage through a certain length of wire L, of a circuit, as from A to B, 
in fig. 1,347 is to be determined, one terminal of the volt meter is con¬ 
nected to A, and the other to B. 

In a similar manner is foimd the drop through a lamp. 


Ques. What is the difference between a volt meter and 
an ammeter? 

A 



Fiq. 1,346.—^Volt meter connection for measuring the pressure in an electric circuit. The volt 
meter is connected in parallel in the circuit at the point where the voltage is to be meas¬ 
ured. 


Fia. 1,347.—^Volt meter connection for measuring the "drop” or fall in voltage in a certain lengtii 
of wire, as for instance, the length between the points A and B. The volt meter is shuntei 
between the two points whose pressure difference is to be measured. 


Ans, A volt meter measures pressure, while an ammeter 
measures current. As actually constructed, most volt meters 
are simply special forms of anuneter. 



962 


D. C. Indicating Instruments 


Ques. Explain the term “calibrate.” 

Ans. To calibrate a measuring instrument is to determine 
the variations in its readings by making special measurements- 
or by comparison with a standard. 

Ques. Describe a solenoid or plunger ammeter. 



Fio 1.348 —Plunger type instrument The current to be measured passes through the sole¬ 
noid producing a magnetic effect on the soft iron plunger which tends to draw it mto the coU, 
and thus causes the pointer to move over the graduated scale The distance the rod moves 
depends on the value of the restraining force (which may be sprmgs or gravity), the coil 
w ndmg, and strength of current The wmding consists of a few turns of heavy wire for an 
ammeter, and a large number of turns of fine wire when constructed as a volt meter Smee 
the iron has a certain amount of residual magnetism, the deflection with smaller following 
large currents is more than would be produced by the same current followmg a nmallAr one 
The instrument therefore is less reliable than the usual types 


Ans. This type consists of a “plimger” or soft iron core ar¬ 
ranged to enter a solenoid. 

Current being piassed through the wire of the solenoid causes the core 
to be more or less attracted against a restraming force of gravity or springs 
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A pivoted pointer attached to the core indicates the current value on a 
graduated dial as shown in hg. 1,348. 

Ques. What are the objections to plunger instruments? 

Ans. They are not reliable for small readings, and are read¬ 
ily affected by magnetic fields. 


Ques. Describe a magnetic vane instrument. 



Fia. 1,349.—Magnetic vane instrument. A soft iron vane, eccentrically pivoted within a coil 
carrying the current to be measured, is attracted toward the position where it will conduct 
the greatest number of magnetic lines of force against the restraining force of a spring or 
equivalent. 


Ans. It consists of a small piece of soft iron or vane moimted 
on a shaft that is pivoted a little off the center of a coil as 
shown in fig. 1,349. 

The principle upon which the instrument works is that a piece of soft 
iron placed in a magnetic field and free to move will move into such position 
as to conduct the maximum number of lines of force. The current to be 
measured is passed around the coil producing a magnetic field through the 
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center of the coil. The magnetic field inside the coil is strongest near the 
inner edge, hence, the vane will move against the restraining force of a 
spring so that the distance between it and the inner edge of the coil will 
be as small as possible. A pointer, attached to the vane shaft moves over 
a graduated dial. 


Ques. Describe an inclined coil instrument. 

Ans. As shown in fig. 1,350, a coil carrying the current, is 
mounted at an angle to a shaft to which is attached a pointer. 



Fig. 1,350.—Thomson inclined coil ammeter, it it constructed on the maRnetic vane 
principle in which an iron vane is attracted by the magnetic held due to the coil, so as to turn 
itself narallel with the axis of the coil, the latter being inclined with respect to the axis of the 
vane. The volt meter of this type has a s.milarly placed stationary coil, but in place of the 
iron vzme, is provided with a moving coil in series with the other coil. The restraining force 
in each case fcieing that due to springs. Figs. 1.351 and 1,352 show the actual construction of 
inclined coil instruments. 


A bundle of iron strips is mounted on the shaft. A spring re¬ 
strains the shaft and holds the pointer at the zero position when 
no current is flowing. 

When a current io passed through the coil, the iron tends to take up a 
position with its longest sides parallel to the lines of force, which results 
in the shaft being rotated and the pointer moved on the dial, the amount 
of movement depending upon the strength of the current in the coil. 

The coils for large sizes are generally wound with a few turns of flat 
insulated copper ribbon. The instruments are adapted to either direct or 
alternating currents but are recommended for alternating currents. 
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Ques. What is the principle of the hot wire instrument? 

Ans. Its action depends upon the heating of a conductor 
by the current flowing through it, causing it to expand and set 
in motion an index needle or pointer, the movements of which, 
by calibration, are made to correspond to the pressure differ¬ 
ences producing the actuating currents. 



Fia*? 1,351 and 1 351—Thomson inclined coil portable indicating instruments Fig 1,351, 
ammeter type P, interior, fig 1,352, watt meter, type P, interior These instruments, though 
primarily designed for use on alternating current circuits, may also be used on direct cuT' 
rent circuits, by making reversed readings and taking the mean as the true ind cac on The 
volt meters and watt meters are constructed on the dynamom'^ter pr nc pie and the am- 
me ers, on the magnet c vane pr nc pie The volt meters an«_ watt meters are provided 
with a contact key wh ch may be locked in pos t on, enabl ng the instruments to be left 
constantly in c rcu t The movements of the po nter are damped by means of an air vane; 
there is adso a fr ct on damp ng dev ce o^ierated by a small button to check excess ve oscil- 
lat ons of the pointer The inclined co I instruments are so designed that the torque is suf¬ 
ficiently high to insure the pointer assuming a definite position with each change in current 
value. 


Ques. What are the characteristics of hot wire instru* 
ments? 

Ans. Volt meters of this type are not affected by magnetic 
fields, and as their self-induction is small, they can be used on 
either direct or alternating currents; but they possess certain 
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serious defects: they constune more current than the other 
types; cannot be constructed for small readings; are liable to 
bum out on accidental overloads; are somewhat vague in the 
readings near the zero point and are sometimes inacairate in 
the upper part of the scale. 

Ques. Describe the construction and operation of the 
Whitney hot wire instruments. 



Flo. 1,353 —Diagram showing principle and construction of the Whitney hot wire instruments. 
The action of instruments of th s type depends on the heating of a wire by the passage oi 
a current causing the wire to lengthen This elongation is magnified by suitable mechan¬ 
ism and transnutted to the pomter of the mstrument. 


Ans. As shown in fig. 1,353, a wire AX, of non-oxidizable 
metal, of high resistance and low temperature coefficient, passes 
over a pulley B, movmted on the shaft C. The ends of the wire 
are attached to the plate E, at its ends F and G, the wire being 
insulated from the plate at G. A spring H, holds the wire in 
tension and takes up the slack due to the expemsion caused by 
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the heating of the wire when a current passes through it. The 
current flows only in the portion of the wire marked A, between 
the plate E, and the pulley B, up to the point K, where the 
connection is shown. When a current flows through the wire A, 
the spring takes up the slack, pulls A, around B, and causes B, 
to rotate upon its shaft C. It is clear, that a pointer attached 
to C, would indicate on a scale the movement of B, and C, but 
as this movement is very slight, a magnifying device will be 
required. This device consists of a forked rod L, rigidly at¬ 



tached to the shaft C, and carrying at its lower end a silk 
fibre fastened to the fork and passing aroimd a pulley M, to 
which a pointer N, is attached. For direct current measure¬ 
ments only an electromagnetic system is used. 

Ques. What is the principle of electrostatic instruments? 

Ans. The action of these instnunents depends upon the 
fact that two conductors attract one another when any differ¬ 
ence of electric pressme exists between them. If one be 
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delicately suspended so as to be free to move, it will approach 
the other. 

Ques. Describe the Kelvin electrostatic volt meter. 

Ans. A simple form consists, as shown in fig. 1,355, of a 
metal case containing a pair of highly insulated plates, between 



Fig. 1 355 —Kelvin electrost^itic volt meier, a form of in'.irumcnt dcsiRned for measuring high 
pressure-, up to 2tX),'XX) volts Tlie instrument, as illustrated, consists of fixed and movable 
vanes with terminals connecting with each These vanes which act as condensers take 
charges proportional to the vo cage diTerence between them, resulting in a certain attract 
tion which ten Is to rotate the movable di'.c against the restiaining force of gravity In 
the figure aa and b are two fixed vine-, and c, a movable vane, carrying a pointer and 
having a proper weight at its lower end 


which a delicately mounted paddle shaped' needle is free to 
move. 

When tne needle is connected to one side of a circuit and the stationary 
plates to the other side, the needle is attiacted and moves between them 
as indicated by the pointer. Adjusting screws at the lower end of the 
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needle allow it to be balanced so that its center of gravity is somewhat 
below the center of suspension. Gravity then is the restraining force. 

The range of the instrument may be changed by hanging different 
weights upon the needle By increasing the number of blades the in¬ 
strument can be made to measure as low as 30 volts. The form having 



Figs. 1.356 and 1.357.-<^nera' Electric electrostatic volt meters. Fig. 1,356. vane type, 
ng. 1,357, pan type. *^6 main use of electrostatic volt meters is for measurement of volt¬ 
ages irom 3 to 50 kv. For high voltages, the electrostatic volt meter has the advantage of 
being easily insulated, and as there is not a complete metallic circuit, it is not necessary to 
include m the construction a large amount of expensive resistance wire. In addition, instru¬ 
ments of this type draw an inappreciable current from the line which is of advantage in many 
cases. Electrostatic volt meters are used for cable testing and instrument testing where a 
ready determination ofMifferences of pressure may be made and where a deviation from the 
correct value of ± 2.5 per cent is not objectionable. For best results, an electrostatic volt 
meter should be calibrated after it has b^n assembled and mounted. Resistances in series 
with the meter terminals are furnished to protect the instrument in the event of over-voitage 
on the circuit to which the volt meter is connected. Should an arc-over occur it w^.ui not 
greatly damage the instrument. 
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two stationary blades and one movable blade is suitable for measuring 
from 200.to 20,000 volts. The quadrant electrometer or laboratory form 
will measure a fraction of a volt. 

Ques. Explain the construction and principle of the Thom¬ 
son astatic instruments. 

Ans. The fields of these instruments are electromagnets 
wound for any specified voltage and provided with binding 



FtC. r,358. —^Thomson astatic instrument without cover. When current passes through the 
coils of the moving eleme..c, the lines of force parallel to the shaft produce a torque which 
tends to turn the shaft and cause the needle to travel across the scale. This action is, of 
course, opposed by the magnetic field at right angles to the shaft acting on the two pieces 
of magnetic metal. These astatic instruments have no controlling springs. The two small 
silver spirals which conduct the current to and from the armature are made of uiitempered 
silver and exert no force as springs. The actuating and restraining forces are depiendent 
upon the same electro-magnets. The damping effect in these instruments is produced by 
an aluminum disc moving in a magnetic field, and is proportional to the square of the magnet 
strength. 

posts separate from the current posts of the instrument. The 
moving coils ard mounted upon an aluminum disc and are 
located in a magnetic field which is parallel to the shaft and 
astatically arranged. Two small pieces of magnetic metal are 
rigidly mounted on the shaft and the astatic components of the 
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magnetic field, which are perpendicular to the ^aft, tend to 
keep the pieces of magnetic metal in their initial positions. 
When current passes through the coils of the moving element, 




Fios 1,359 and 1,360 —^Weatinghouae shunts for ammeters Direct current ammeters for switch- 
board service are seldom made for capacities greater than 25 amperes For higher capacities 
external shunts are used with milli volt meters The miUi volt meters are adjusted so that 
with 50 miUi vcrfts applied to the end of the instrument leads, the instrument will give full 
scale deflection, the scales being marked m amperes 



Ftos 1361 to 1,369—Weston switchboard shimts Each shunt consists of one or more sheets 
of a special alloy, fitted at each end into grooves m two copper blocks, which are provided 
with means for connecting the shunts in arcuit with the mam conductor and with the instru¬ 
ment In shunts up to and includmg a capacity of 2,500 amperes the terminal blades are an 
mtegral part of the shunt terminal Abo\ e this capacity the connecting terminal blades are 
copper, scddered and riveted mto the shunt blocks 
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the lines of force parallel to the shaft produce a torque which 
tends to turn the shaft and cause the needle to travel across 
the scale. This action is, of course, opposed by the magnetic 
field at right angles to the shaft acting on the two pieces of 
magnetic metal. There are thus no restraining springs, current 
being conveyed to the moving coil by torsionless spirals of 
silver wire. Thomson astatic instruments can be provided 
with polarity indicators, a red disc showing on the scale card 



Flos. 1,370 to 1,373.—Weston standard portable shunts. The milli-volt meters used in connec¬ 
tion with these shunts read directly in amperes. Shunts of different capacities can be ad¬ 
justed to the same instrument, and it can, therefore, be ased U measure a current of 2,000 
amperes with che same degree of accuracy as a current of 1 ampere. In selecting shunts of 
different capacities for use in connection with one instrument it should oe considered that 
the higher ranges must be even multiples of the lo*/er one m Older to suit the same scale on 
the instrument. 

where the poles are reversed. The effect of external fields is 
eliminated by the astatic arrangement of the fields and the 
moving parts. A field which tends to increase the torque on 
one side of the armature diminishes it to a corresponding degree 
on the other side. The damping effect in these instruments 
is produced by an aluminum disc moving in a magnetic field. 

Ques. What are multipliers? 

Ans. These are extra resistance coils which are connected 
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in series with a volt meter for increasing its capacity or read¬ 
ings- They are put up in portable boxes, and must be adjusted 
for each particular volt meter as the resistance of a multiplier 
coil must be a multiple of the resistance of the volt meter itself. 

Ques. What is an electro-dynamometer? 



Fig 1,374 —Weston lotary switch type multiple range portable precision shunt These are 
seven range series type precision shunts, constructed so that an> range may be selected at 
will, by merely turning the switch handle until the index shows the cesired range to be m 
circuit It IS not necessary to open either the main or the instrument circuit when chang¬ 
ing the range By turning one notch above the highest range, the entire shunt i 3 siiort cir¬ 
cuited. 



Fia. 1,375 —Weston multiplier for standard ammeter These multipliers are resistore having 
a definite multiplying constant, the resistance material of which is highly msulated and 
arranged lor proper heat dissipation They are so adjusted that the readings of the instru¬ 
ment may be multiplied by a specific constant Multipliers are usually constructed so that 
the indication of the pointer, multiplied by 2,5,10 or 20 will give the voltage of the circuit. 
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Ans. An instrument for measuring amperes, volts, or watts 
by the reaction between two coils when the current to be 
measured is passed through them. One of the coils is fixed and 
the other movable. 

Ques. Describe the Siemens’ electro-dynamometer. 




Fig. 1,376. —Diagram of Siemens’ electro-dynamometer. It consists of two coils on a common 
axis, but set in planes at right angles to each other in such a way that a torque is pro uced 
between the two coils which measures the product of ♦heir currents. This torque is balanced 
by twisting a spiral spring through a measured angle of such degree that the coils shall 
resume their original relative positions. If the instrument be used for measuring currerUt 
the coils are connected in series, .and the reading is then proportional to the square of the 
current. If used as a watt meter, one coil carries the mam current and the other a small 
current, which is proportional to the pressure. The reading is then proportional to the 
power in the circuit. 

Fig. 1,377. —Diagram showing connections of Siemens’ electro-dynamometer as arranged to 
read watts. 


Ans. The essential parts are shown in fig. 1,376. The fixed 
coil A, composed of a number of turns of wire is fastened to a 
vertical support, and surrounded by a movable coil B of a 
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few turns, or often of only one turn. The movable coil is sus¬ 
pended by a thread and a spiral spring C, below the dials which 
are fastened at one end to the movable coil and at the other 
end to a milled headed screw D, which can be turned so as to 
place the planes of the coil at right angles to each other, and 
to apply torsion to the spring to oppose the deflection of the 



Fig 1,378 —Roller-Snuth electro-dynamometer used m watt meters. 


movable coil for this position when a current is passed through 
the coils. The ends of the movable coil dip into two cups of 
mercury E, E', located one above the other and along the axis 
of the coils so as to bnng the two in senes when connected to 
an external circuit. 

The arrows show the direction df current through the two coils An 
index pointer F, is attached to the movable coil The upper end of this 
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pointer is bent at a right angle, so that it swings over the dial between 
two stop pins G,G', and rests directly over the zero line when the planes 
of the coils are at right angles to each other. A pointer H, is attached to 
the torsion screw D, and sweeps over the scale of the dial. The spring is 
the controlling factor in making the measurement. 



Fia. 1,379.—Diagram of Siemens’ dynamometer with names of parts. When constructed as c 
volt meter, both coils are wound with a large number of turns of fine wire, making the instrU' 
ment sensitive to small currents. Then by connecting a high resistance in senes with the 
instrument, it can be connected across the terminals of a circuit whose voltage is to be mea¬ 
sured. When constructed as a watt-meter, one coil is wound so as to carry the main current 
and the other made with many turns of hne wire of high resistance suitable for connecting 
across the circuit 

Fio. 1,330.—Leeds and Northrup electro-dynamometer. It is a reliable instrument for the 
measurement of alternating currents of commercial frequencies. 


Ques. Explain the operation of the Siemens’ electro- 
dynamometer. 

Ans. In fig. 1,376, when a current is passed through both 
coils, the movable coil is deflected against a stop pin, then the 
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screw D, is turned in a direction to oppose the action of the 
current until the deflection has been overcome and the coil 
brought back to its original position. The angle through which 
the pointer of the torsion screw was turned is directly propor¬ 
tional to the square root of the angle of the torsion. To de¬ 
termine the current strength in amperes, the square root of 
the angle of torsion is multiplied by a calculated constant fur- 
nisfted by the mzikers of this instrument. 




Fig 1,381.—General Electric, Thomson type C-6 direct currmt watt hour meter. It is stand¬ 
ard practice to furnish flexible cable leads jM'Ovided with copper terminals for meters of 100 
amperes capacity and above. For meters of lower capacity, the leadmg-m wires are fastened 
to suitable brass bmding posts with set screws 


Ques. How is the electro-dynamometer adapted to meas¬ 
ure volts or watts? 

Ans. Both coils are wound with a large number of turns 
of fine wire making the instrument sensitive to small currents. 
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Fxo. l,383.^Interior of General Electric Thomson type watt hour meter (type C-^ ahowins 



D. C. Indicating Instruments 


979 


Then by connecting a high resistance in series with the instru¬ 
ment It can be connected across the terminals of a circuit whose 
voltage is to be measured. 

When constructed as a \natt meter, one cod is wound so as to carry the 
main current, and the other made with many turns of fine wire of high 
resistance suitable for connecting across the circuit. With this arrange¬ 
ment, the force between the two coils will be proportional to the product 
of amperes by volts, hence, the mstrument will measure watts. 



Fyas 1,384 to 1,394.—Parte of type C-6 Thomson watt hour meter. 

Fig 1 383 — Text continued 

armature, sma 1 commutator and gravity brushes A spherical armature moving wiihin circular 
held coils IS the construction adopted m this meter The armal ure is wound on a very thin paper 
shell, stiff enough to withstand the strain due to winding and subsequent handling The wire 
composing the armature is of the smallest gauge consistent with mechanical strength The 
field coils, as before stated, are circular, and are placed as near each other as possible, ont> 
on either side of the armature, with the internal diameter just sufficient to give the neces 
sary cleaiance frr the rotating element This construcUon prevents magnetic leakage 
Kibbon wire is employed for the field coils, thus aconomizmg space and further carrying out 
»he dea of concentration 
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SOURCt SOURCE, 


*— * 


“n 

LOAD 

Fio. 1,395.—General Electric type C-6 d. c. watt hour meter, two wire connections, 5 to 50 
amperes up to 240 volts; type C-7, 5 to 25 amperes, 500 to 600 volts. 

Fxo. 1,C96.—General Electric type C-6 d. c. watt hour meter, two wire connections. 75 to 600 
amperes up to 240 volts; 50 to 600 amperes, 500 to 600 volts. 


SOUPCE SOURCE 



LOAO LOAD 


Fio. 1,397.—Gene»-al Electric type C-6 d. c • watt hour meter, three wire connections. 5 to 50 
amperes, 200 to 240 volts. 

Fio. 1,39B.—General Electric type C-6 d. e. watt /lour meter, three wire connections. 75 to 
300 amp>eres, 200 io 240 volt**. 
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Fig 1 399 —Westinghouse type CW 6 watt hour meter with cover off This meter is of the 
commutator type without iron m the magnetic circuit The spherical armature is closely 
surrounded by circular field coils which provide the shortest magnetic path and smallest 
magnetic leakage thus securing high torque with small consumption of energy The arma 
ture winding is wound on a hollow sphere of prepared paper which is moulded in coirugated 
form to secure strength Uniform brush tension is maintained by gravity Each brush 
consists of two small round wires placed s de by side and held against the commutator by a 
small counterweight whose distance from the ^ulcrum is adjustable The current winding 
consists of two flat coils of strap copper one clamped rigidly on either side of the central 
mounting frame which*8upports the armature bearings These coils arv., connected either 
ir series or parallel depending on the capacity In three wire meters ore of the coils is con 
nected in senes with each side of the line The retarding element consists of a light aluminum 
disc rotating between two pairs of permanent magnets The magnets are prepared by a 
special agmg process to insure permanence Full load adjustment is made by shiftmg the 
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Ques. Describe briefly the construction of the Thomson 
recording watt meter. 

Ans. It consists of four elements: 1, a motor causing rota¬ 
tion; 2, a dynamo providing the necessary load or drag; 3, a 
registering device, the function of which is to integrate the 
instantaneous values of the electrical energy to be measured, 
and 4, means of regulation for light and full load. 


Ques. What is the action of the motor in the Thomson 
watt hour meter? 


i J ~ rj AMP rUARI I 


ARMATURE COSISTS 
OF THREE mfER- 
LOCKED COILS. 


BRUSH CUMPENABLINS 
SWINGING BRUSHS 
^LEAROF§)MMU^Tj)l^ 


SHORT.STIFFSHAFT 
•WITH PIVOTS FRICTION 
CLAMP ATTACHEU 


? IRECT READING , 
SSOCIATION DIAL 
RAIN aV DRIVEN. 


MICROMETER MAGNETIC 
SHUNT ADJUSTMENT FOR 
fflNTROLLlNG MAIN SPEED 



LIGHT LOAD ADJUST- 
-WENT OF WIDE RANGE. 


DAMPER MAGNETS 
-IMMOVABLY CLAMra 
IN PUCE. 


ALUMINUM JEWEL 
DAMPER - 


BEARING. 


Fia. 1,400 —Interior view of Columbia watt hour meter (type D), showing construction and 
principal parts and connections. 


Fig. 1,399 —Text corxtinued. 

position of the permanent magnets. Ample light load adjustment or friction compensation 
is provided by means of the movable coil, which can be shifted horizontally or radially on 
loosemng one screw. The meter registers directly in kilowatt hours. 
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riQ 1.401—General Electnc. Thomson type CS astatic ™e 

net shield removed This meter is constructed on the astat c ^ large direct 

^hey!^S/^“^lV‘™ndwS|ruhereg.strat.on^^^^^ 

of two motor elements Obviously, if one field coil would tend to alter 

sected field from an adjacent bus bar or similar source f pro. 

the field within the senes coil, and its t**® bv combuung with this 

portional to the strength and direction of this fie'd ^ 

element another field coil and armature 'dentiral with the tot 

which IS just the opposite of the other element the Afield would IB 

.zed. that is. a projected field from any external source tending to 8^®“^]““ “ 

general weaken the other by the same amount, the net result representing nochange m torque. 
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Ans. It rotates at very slow speed, and since there is no 
iron in its fields and armature, it has very little reverse volt¬ 
age. Its armature current, therefore, is independent of the 
speed of rotation, and is constant for any definite voltage ap¬ 
plied at its terminals. 

The torque of this motor being proportional to the product of its arma- 



Fig 1,402—Detail of brush construction and arrangement of Thomson astatic watt hour 
meter 

ture and field currents, must vary directly as the energy passing through 
its coils In order then that the motor shall record correctly, it is neces¬ 
sary on’y to provide some means for making the speed proportional to 
the torque This is accomplished by applying a load or drag, the strength 
of which varies diiectly as the speed 

Ques. Explain the operation of the Thomson recording 
watt meter, 
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minals, fig, 1,404, frame and electrical element; fig. 1,405, side view. 

Ans. There being no iron in either field or armature of the motor element, no 
considerations of saturation are involved. The torque or pull of the armature is 
dependent upon the product of the field and armature strength. The strength of the 
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field, there being no iron, varies directly with the current in 
the field. Thus the strength of the field with 10 amperes flowing 
to the load is exactly twice the strength of the field with 5 
amperes flowing to the load. 



The strength of 
the armature is de¬ 
pendent on the volt¬ 
age of the system 
to which it is con* 
nected, the arma¬ 
ture element of the 
meter being practi¬ 
cally a volt meter. 
There is, therefore, 
a torque or pull 
varyingdirectly 
with the strength of 
the armature multi¬ 
plied by the strength 
of the field, or, in 
other words, vary¬ 
ing directly with 
the watt load, and 
except in so far as 
influenced by fric¬ 
tion, the speed of 
rotation varies 
directly with the 
torque or pull. The 
currents generated 
in the disc arma¬ 
ture consist of eddy 
currents, which cir¬ 
culate within the 
mass of the disc. 


Fia. 1,411.—Sangamo service type two wire, direct current watt hour meter, with cover and 
recording tram removed. It consiatg of a motor dynamo set coupled to a revolution 
recording mechanism, the speed of the set being proportional teethe power delivered through 
it. The mercury motor consists essentially of a copper disc fleeted in mercury between the 
poles of a magnet and provided with leads to and from the mercury at diametrically opposite 
points. 
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Installation of Watt Meters. —The various types of watt 
meter differ so widely either in mechanical details, or operating 
principles, that it is customary for manufacturers to furnish 
detailed instructions for the installation of their meters. Such 
instructions should be carefully followed in all cases, but the 
following will be found generally applicable to all types of 
motor meter: 

1. After tinpacking the meter, and before opening the case or cover. 



Fig. 1,412.—Electric and magnetic circuits of the mercury motor of Sangamo D-5 watt hou» 
meter. The current of electricity, carried by the circuit in which energy is to be measured, 
enters the contact C , passes through the comparatively high resistance mercury H, to the edge 
of the low resistance copper disc D, across through the disc to the mercury H, and out of 
the contact C 2 . The magnetic field of the motor is excited by a winding connected across 
the circuit, in which energy is to be measured; that is, the magnetic field is proportional to 
the voltage. 



Fio. 1,413.—Relative directions of current, magnetic flux and rotation of disc of San gamo D-5 
watt hour meter. 
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clean the latter carefully to remove all adhering particles of dust 
and excelsior. 

2. The proper location for the meter should be one where there is no 
vibration. When this location has been selected, nail or screw upon 
the walls, a board somewhat larger than the dimensions of the back 
of the meter, and upon this board hang the meter by the top hanger. 




k k 


Flos. 1,414 to 1,417.—Disasscmljled moving system of Sangamo two wire, direct current watt 
hour meter. 

Fias. 1,418 to 1,424.—Field magnet, mercury chamber, mam bracket and moving parts of 
vmgamo two wire, direct current watt hour meter. 
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3. After hanging the meter, open or remove the case or cover, and if 
necessary, put the mechanism in order according to instructions fur- 
nished by the manufacturer. 

4. In order to operate satisfactorily, the meter should hang plumb, so 
that the spindle of the revolving element will be vertical, and the 
horizontal planes through the armature and retarding disc will be 

level. Many complaints 
relative to meters being 
slow on light loads, are 
invariably due to the 
fact that the meters 
have been installed out 
of plumb.* 

5. In making the cir¬ 
cuit connections, be 
very careful that 
the positive lead or 
wire is placed in 
the positive binding 
post of the meter. 
This precaution is 
essential for insur¬ 
ing an accurate and 
sensitive measure¬ 
ment on small 
loads. 

Fig. 1.425.—Thermo-couple and light-load adjustment of Sangamo direct current watt hour 
meter. A, is the thermo-couple winding which encloses a couple consisting of two strips 
of dissimilar metal, each end terminating in a slotted terminal held by screws B and C. As 
shown, the couple is connected for use on the positive side of the line; loosening the screws 
and moving it to connect across C and D, adapts it for use on the negative side of the line. 
The light load adjustment is obtained by moving the clamp E, one way or another along 
the resistance strip. The round wire is of copper, while the flat strip is of resistance metal. 

♦NOTE.— The nxoat practical and accurate method of plumbing a meter is to level it by 
means of a small brass weight placed upon the retarding disc. Place the weight upon the front 
or back upper surface of the disc, close to the edge. If the disc and weight rotate toward the 
right, move the bottom of the meter in the same direction so as to raise the disc on the right. 
When the disc is level, the weight and disc will remain stationary when the weight is placed 
on either the front or the back of the disc. Next, place the weight on the disc close to the edge 
on either side. If the disc rotate toward the front, swing the bottom of the meter away from 
the wall or board undl the disc remains stationary when the weight is placed upon it on either 
side. If the disc rotate toward the back, raise it up on that side by bringing the top of the 
meter away from the wall oi board. It is possible that the second leveling operation will alter 
the position of the disc obtained by the first operation, therefore, the first should be repeated, 
and after that the second also, until the disc remains stationary when the weight is placed at 
any point upon its surface. This method of leveling is more reliable than any method in 
which a spirit level is employed. 
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6. When a meter 
of the commutator 
motor type sparks 
at the brushes at 
starting, it is an 
indication that the 
commutator is 
dusty. Clean it 
with a piece oi 
closely woven cot¬ 
ton tape % in. in 
width. 

7. Meters should 
never be allowed to 
remain with their 
covers off, in the 
testing ’'oom sta¬ 
tion, or any other 
place. In order to 
get thebest service, 
and to give them 
long life they must 
be kept clean. 


NOTE —Sangamo roeteni 
for use on circuits of more 
than 130 volts are provided 
with resistors connected in 
series with the voltage mag¬ 
net windings, and these re¬ 
sistors, when used in meters 
for circuits not exceeding 250 
volts, are mounted upon and 
form a part of the motor ele¬ 
ment. On circuits of more 
than 250 volts the series re¬ 
sistor IS mounted in an ex¬ 
ternal box. 


Fiq. 1,426.—Internal circuits of Sangamo two wire direct current watt hour meter.* Elements 
in two and three wire meters: A, armature, B, zero point of light load adjustment D, 
damping disc, E,E, contact ears of mercury chamber; H, heater winding of thermo couple, 
1,1, binding post “from line,” K, clamp slider of light load adjustment; M, motor element; 
N, adjustment for drop of shunt; 0,0, binding posts “to load,” S, spindle; U, upper bearing; 
W, worm driving recording tram; Y, laminated shunt magnet, SC, shunt coils; CT, com- 
poundmg turns to build up speed on heavy loads. 


♦NOTE.—The reference letters under fig. 1,426 apply to figs. 1,426 and 1,428. 



Fto 1.427 — Inlemal 
connections of llieun¬ 
shunted and ’ntemaliy 
shunted Sangamo i vr>e 
D-5 three wire service 
typje watt hour meter. 
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SHUNT 

Fio 1,432 —Sangamo two wire meter for circuits abo\ e 250 volts, capaci ties 100 amperes with external box resistcx'and external shunt. 
Fio. 1,433 —Sangamo three wire meter, unshunted and internally shunted. 

*xo. 1.434 —^Sangamo three wire meter 110-220 volts, capacities 100 amperes and over, with external shunts. 
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How to Test a Meter, —A simple test for ascertaining whether 
a customer’s meter is fast or slow, may be applied as follows* 




Flos 1,435 to 1,437.—^Three views of recording mechanism of bangamo two wire watt hour 
meter 
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1. Turn off the lamps and other power consuming devices in the house 
and then note the reading of the meter dial and the exact time of day, 
2 Turn on as quickly as possible about one-tenth of all the lamps in 
the house and allow them to burn for about two hours; 

3. At the end of two hours, turn off the lamps as quickly as possible 
and note the reading of the meter dial. 



Fig. 1,438 —Duncan model EK, direct current watt hour meter. 

The difference between the first and second readings of the dial will be 
the indicated consumption of two hours, and if this be greater than the 
amount of power that ought to be consumed by the number of lamps 
turned on, the meter is fast, but if it be less, the meter is slow. 

The best results obtained by this method are only approximations, 
however, on account of the variations m the watts consumed by the dif¬ 
ferent makes of lamp, the uncertainty as to the actual voltage on the 
line at the tune of the test, and the lack of knowledge as to the age of 
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Fia. 1,439 —Diagram showing internal connections of the Duncan watt hour meter Ita opera¬ 
tion depenos upon the principle of the well known electro dynamometer, in which the 
electromagnetic action between the currents m the field coils and an armature produces 
motion in the latter It also embodies the other two necessary watt hour meter elements 
rcQuired for the speed control and registration of the revolutions of the armature, these 
toeing embodied in the drag magnet and disc, and the meter register respectively The motion 
of the armature is converted into continuous rotation by the aid of a commutator and brushes, 
the commutator being connected to the armature coils and carried on the same spindlS 
therewith. 
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the lamps. Therefore, if the meter test within five per cent., or do not 
record more nor less than one-twentieth of the assumed lamp consumption 
it is safe to assume that the meter is correct as the result of the test is 
not likely to be any closer to the truth. 



Figs. 1,440 and 1,441 —Duncan model E, register. Instructions Jar /esetting register to zero: 
remove complete register from tne me.er; remove screws A an B; loosen screw C, one half 
of a turn; disengage pmion P, Irom gear wheel Wl. by moving frame F, to the right as shown 
by dotted line; re-set the dial pointers by turning gear wheels W3 and Wl; move frame F, 
back in place and replace screws A and B; adjust mesh of pinion P, and gear wheel Wl, 
to allow slight backlash; tighten screws A, B and C. 


Ques. How should a roughened commutator be cleaned 
and smoothed? 

Ans. By means of tape. 

Waste of Electricity in Lighting.—In large residences where 
a good many servants are employed or in any olace where the 
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power consumed is not directly xmder the supervision of the per¬ 
son who must pay the bills, a great deal of waste usually occurs. 



>Ta. ],447 to 1,457 —Tools (or use with Duncan d c watt hour meters, both old and new 
types A, sticks of corn pith, B, sealing tool, C, brush cleaner, D, brush adjuster, E, magnet 
wrench, F, brush wrench, G, armature screw driver, H, commutator pick, I, magnet cleaner 
(phosphor bronze), J, pivot remover, K, magnet adjuster. 

NOl h —A meter operates under more varied and exacting conditions than almost any 
other piece of apparatus It is frequently subjected to vibration, moisture and extremes of 
temperature, it must register accurately on varying voltages and various wave forms, it must 
operate for many months without any supervision or attention whatever, and, in spite of all 
these conditions, it is expected to register with accuracy from a few per cent of its rated capacity 
to a 50 per cent overload As a meter is a type of mechanism, its natural tendency is to run slow; 
but occasionally, through accident, a meter may run fast. When a meter runs fast the con¬ 
sumer is paying a higher rate per kilowatt hour than his contract calls for. He is being dis¬ 
criminated against The periodic testing of meters is therefore a necessity and is an indication 
of the honesty of intention of the manager toward the customers of his company. Meters 
controlling a very large amount of revenue may be tested as often as once a month, while the 
ordinary run of meters should be tested at least once a year, once in eighteen months or once in 
two years, the period varying with different companies, different types and different civic 
requirements Commutator type meters, having comparatively heavy moving elements with 
consequent rapid increase in friction due to wear on the jewel and bearings, and a commutator 
also increasing in friction with age, must have frequent and expert attention to aisure thev 
accuracy under all conditions 
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nearer the hand In the above example the statement is 1,726 kilowatt hours or 1 726 000 watt hours Subtract the previous 
statement to arrive at registration for a given period Some meters are subtect to a multiplyu g constant so stated on their 
face and the registration A such meters must be multiplied by the constant as shown, to determine the actual consumption of 
electrical energy. The constant is the measure of the mechanical adjustment in the register of the meter and is the ratio between 
the registration of the dial hand* and the true consumption. This adjustment is made always by the manufacturer of the meter 
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If the meter be read before retiring, the reading in the morning will 
show how much energy was consumed during the night, which will show 
in turn how many lamps were burning all night. 

A great deal of light can be saved by placing the lamps so that they 
will throw the light where it is needed and by placing small lamps such 
as 8 candle power and 4 candle power in places where not much light is 
needed, such as bath rooms, halls, cellars, etc. 

When the lamps get old and dim they should be replaced with new 
ones, as it costs about the same to burn an old lamp as a new one. An 
old 16 candle power lamp which is very dim will give only about 8 candle 
power and use about as much current as is required for a new 16 candle 
power. If the dim light be light enough, it should be replaced by an 8 
candle power lamp, which will not consume as much power as the old 
16 candle power. 



Fig. 1,461.—Connections of Duncan model E, three wire, 4 binding post rf.c. watt hour meter, 
300 amperes and less, 550 volts and less. 


Watt-hour Meter Tests. —Testing of watt-hour meters is 
most frequently accomplished by comparing the registration of 
the meter under test by a Rotating Standard, that is, a stand¬ 
ard portable watt-hour meter, usually having multiple range 
current and potential windings. 
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This standard meter, fig. 1,461-2, is connected in series with 
the meter under test and the revolutions of the standard are 
compared with the revolutions of the meter under test for the 
same interval of time, allowance being made in the calculations 
for the disc constants of the two meters. 


MAIN SWITCH 



Fio. 1,461-1.—Diagram of connections for testing of watt-hour meter. A bank of lamps of 
various wattages serve as load. The lamps are connected to switches whereby the load 
may be adjusted until a suitable value is reached. 


Where the value of the load is unknown it may be determined 
by timing the standard with a stop watch and comparing the 
value of the watts from the expression 


True watts = 


3,600 X Revolutions X Watt-hour constant 
Time in seconds 


The arrangement of the test circuit is essentially as shown in 
fig. 1,461-1. 


The rotating standard is operated by the potential switch, which starts 
and stops the standard, a reading of the standard is taken at the beginning 
and at the end of the test and the difference between these two readings 
gives the number of revolutions of the standard. If no correction is to be 
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applied to the rotating standard, the per cent accuracy of the watt-hour 
meter under test is obtained from equation 

r» X khXr 

Per cent accuracy = —-- 

AhX/v 

Where 

r=revolutions of meter under test 
/? = revolutions of rotating standard 
= watt-hour constant of meter under test 
Kh = watt-hour constant of rotating standard 

The method may be facilitated by introducing an additional symbol, 
values for which may be given to the tester in tabular form 



Fig 1,461 2—External view of General Electrtc Comtfany*% IB 9 portable watt hour meter 
standard 



D.C. Indicating Instruments 


1 , 003-2 


Let Ro — the number of revolutions the rotating standard should make 
when the tested meter is correct. 

The numbers of revolutions of two watt-hour meters on a given load vary 
inversely as their disc constants, then 

Ro _ k\x 

from which 

r> kuXr 

/ft. 

Substituting Ro in the equation for per cent accuracy 
Per cent accuracy — 

Example .—In a certain test the rotating standard has a constant 
/Cj, = 0 05 and the watt-hour meter under test has a constant kh — 0.5. If 
the number of revolutions of the meter under test, r = 2, determine the 
number of revolutions of the rotating standard. 



Fia. 1,461 A —View of General Electric Company's IB-9‘portable watt-hour meter standard 
removed from case 
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Solution .—Substituting values in formula, we obtain 
o kuXr 0.5X2 „„ 

That is, for 2 revolutions of the meter under test, the standard should 
make 20 revolutions. 

Example .—Assume the rotating standard in the previous example 
actually made 20.24 revolutions, what is the accuracy of the watt-hour 
meter under test ? 


Solution .— 


^ ^ RoXlOO 

Per cent accuracy =--— 


20X100 

20.24 


98.8% 


This actually means that the meter is 1.2% slow and should be speeded 
up slightly. 

Example .—In a test of a D.C. 15 amperes watt-hour meter, the cor¬ 
rected average volt and ampere readings are 220 and 14.75, respectively. 
During the test interval 38 revolutions are counted in 53.5 seconds and the 
meter constant is 1.25. What is the per cent accuracy of the meter at 
this load? 


Solution .—Average standard watts 

IPi-14.75 X 220 = 3,245 


Inserting our values in the previously given equation we obtain the 
average meter watts as 


3,600X38X1.25 
53.5 


3,196 


W 3 IQfi 

Meter accuracy = zjr = = 0.985 or 98.5% 

Wi 3,245 


The Rectifier Type Instrument.—Principally the rectifier 
type instrument consists of a D.C. instrument of suitable 
characteristics to which is connected a rectifier system usually 
consisting of a four element bridge of tiny copper oxide discs, 
thus permitting an alternating current of being measured. 

The copper-oxide type of rectifier instrument works on the 
principle that the electrical resistance of properly formed layer 
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of copper oxide on a coated surface depends upon the polarity 
of the applied voltage. If such a copper-oxide plate equipped 
with suitable contact means be connected in the voltmeter cir¬ 
cuit, as in fig. 1,461-5, the current flow through the permanent 
magnet moving coil instrument will be as shown in fig. 1,461-6. 



WAVE SHAPE OF 
APPLIED VOLTAGE 


PERMANENT MAGNET 
MOVING COIL 
INSTRUMENT 




WAVE SHAPE OF 
INSTRUMENT CURRENT 


Figs. 1,461-4 to 1,461-6.—Showing wave forms and method of connecting a D.C. permanent 
magnet moving coil instrument to a half-wave rectifier circuit. 
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As the applied voltage increases, the unidirectional current 
through the instrument coil will increase. 

An instrument indication thus will be secured which bears a 
relation to the line A.C. voltage and the instrument scale can 
be marked in terms of A.C. volts. This arrangement is called a 
half-wave rectifier. 

An instrument of this type, however, would not be practical 
for most applications, because during the negative half-cycles 
during which no current flows, the rectifier must withstand the 
full line voltage. Copper-oxide plates are not well suited to 
withstand such inverse voltages, and in practice this arrange¬ 
ment is, therefore, seldom used. 

The most common method is to utilize four sets of plates 
connected in the manner as illustrated infigs. 1,461-8and 1,461-9. 
This arrangement is commonly termed a bridge coyxnection. 
The bridge connection has been shown twice, to show the paths 
taken by the current during the positive and negative half¬ 
cycles, respectively. 

Although the foregoing methods of rectifier connection are 
most common, other arrangements are possible, and it is a 
simple matter to determine the method of operation by making 
of diagrams showing the current flow for each cycle in the man¬ 
ner previously illustrated. 

When using a rectifier instrument, it should always be borne 
in mind what the instrument really indicates, regardless of how 
the scale may be marked. A permanent magnet moving 
coil type instrument indicates average values, and with the 
rectified sine wave shown in fig. 1,461-10, the average value is 
shown by the lower line. On alternating current circuits, 
however, the root means square (r.m.s.) value is the quantity 
generally required. In fig. 1,461-10 this is shown by the higher 
line. 
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r.m.s. value , ,, . 

For a sine wave, the ratio-= 1.11 and the 

average value 

instrument scale is marked directly in terms of the r.m.s. value. 




W 

AVERAGE VALUE ^ J 


ROOT MEAN SQUARE VALUE ^ 

Figs. 1,461-7 to 1,461-10.—Showing wave forms and method of connection when a D.C. 
instrument is cnployed on a full-wave rectifier circuit. 
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For other wave shapes, this ratio is different, and hence, a 
rectifier instrument reads r.m.s. quantities correctly only on 
the wave shape for which it is calibrated. This point must be 
kept in mind when using rectifier instruments to measure non- 
sinusoidal quantities, such as the outputs of constant voltage 
transformers, etc. 



Figs. 1,461-11 and 1,461-12.—Typical rectifier and circuit connection when used with a 
permanent magnet moving coil instrument. 


Fortunately, the errors resulting from this condition are 
generally less than 1% of full scale value. 

Some other points to be kept in mind when using rectifier- 
type instruments are: 

(a) Some aging of the rectifiers occurs in service. For this reason, the 
stated accuracy of rectifier instruments is often given as ±5% of 
full scale. Consecutive readings, however, will often duplicate to 
within a few tenths of 1%. 

(b) Exposure of the rectifier instrument to high temperatures such as 
50°C., or to chemical vapors, such as sulphur fumes, may shorten the 
life of the rectifier. 
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(c) The circuit of the instrument itself should never be opened when the 
rectifier is connected to the line, since this may allow full-line voltage 
to be impressed on the rectifier plates, and may damage the rectifier. 



Fig. 1,461-13.—Typical cirrangement of a clamp-ammeter circuit with rectifier instrument. 


Despite these considerations, rectifier instruments play a very 
useful part in present day measurements, because the perma¬ 
nent magnet moving coil construction gives higher sensitivity, 
and a more uniform scale than it is possible to secure with 
moving iron or dynamometer types. 

Thermocouple Type Instrument.—Another device by means 
of which A.C. currents may be measured on a permanent- 
magnet moving coil instrument is known as the thermocouple. 

It is a well known fact that if a junction of two wires of dis¬ 
similar materials (such as iron and copper-nickel, for example) 
be heated, and the free or cold ends be connected to a sensitive 
D.C. milli-voltmeter, a deflection of the instrument will take 
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place. It is upon this principle that the modern thermocouple 
instrument operates. 

When an A.C. current is made to flow through a resistance 
wire termed the heater, fig. 1,461-15, it will raise the temperature 



Fig. 1,461-14. —View of typical thermocouple converter. Principally the thermocouple 
converter consists of a small strip of platinum alloy through which the current passes, the 
thermocouple being heatjd by that current. The temperature elevation of the center of that 
heated conductor is tnen measured by a thermocouple connected to a D.C. instrument. 



Fig. 1,461-15. —Basic type of heating element and permanent magnet moving coil for indication 
of direct, alternating and radio frequency currents. In the thermocouple a potential is 
generated in the junction F, of the two dissimilar metal FD and FE. The temperature 
of F, is increased over that of junction D and E, by current flowing through the wire at BC. 
This ix>tential causes a direct current to flow through the indicating mechanism which is a 
function of the heating current in BC. 
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of the junction, thus sending a current through the instrument. 
Since the resistance of the heater remains practically constant, 
the instrument scale can be marked in terms of the current 
flowing in the heater circuit. 



Fig. 1,46}-16. —Showing arrangement used for cold junction compensation in a thermocouple 
instrument. Here the compensating heating element produces a thermo-electric voltage in 
the couple DEF, which is a function of the current which flows in the circuit BC, and causes 
a temTX*rature rise at point F. Since the couple voltage developed is a function of the tem¬ 
perature difTerence of its hot and cold ends, this temperature di.Terence must be caused only 
by the current Ixung measured. For accurate measurements then, points D and E, must be 
at the mean temperature of p>oint B and C. This is accomplished by attaching the couple 
ends D and E, to the center of separate copper strips whose ends are thermally in contact 
with B and C, but wnich arc electrically insulated from them. 


Also, as the temperature attained by the heater is propor¬ 
tional to the square of the current (/^ flowing through it, the 
instrument scale will have the appearance indicated in fig. 
1,461-17, that is, it will not be uniform, but will open up greatly 
as the current increases. 

The voltage from a thermocouple is proportional to the 
difference in temperature between the heated junction and the 
point at which the thermocouple wires are connected to the 
copper leads of the instrument. Therefore, any change in the 
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temperature of this latter connection point would result in an 
error in instrument indication. 

To avoid errors caused by this condition, it is common 
practice to terminate the heater in rather massive blocks, and 
then bring the point at which the thermocouple leads join the 
copf)er circuit into good thermal contact with these blocks. 
This is usually done by connecting the leads to a thin copper 
plate, and separating them from the block by a thin mica strip. 
This is called cold-junction compensation (see fig. 1,461-16) and 
serves to maintain the connection at a fixed relation to the 
temperature of the heater. 


Rf amperes 



Fiq. 1,461-17.—^Typical scale of a standard thermocouple instrument. Courtesy General 
Electric Co. 


The milli-voltmeters, used with thermocouples to measure 
current, must necessarily be more sensitive than those used 
with shunts, because the e.m.f. developed by a thermocouple is 
quite small. For example, such a thermocouple may have an 
output voltage of only 15 milli-volts and an internal resistance 
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of 5 ohms. This means that thermocouple instruments should 
be carefully handled, since the construction is necessarily 
somewhat delicate. 

Thermocouple instruments generally will stand 50% over¬ 
load continuously but since the temperature of the heating 
system rises as the square of the current, overload should in 
general be avoided. Even if the thermocouple is not burned 
out there may be some evaporation of the metal in the heater 
which will cause the readings to be a bit higher than the true 
calibration. 


Pointer 



Fio. 1,461-18.—Pole pieces arrangement to obtain symmetrical scale division in a thermocouple 
instrument. Courtesy General Electric Co. 


The “square law” scale of the instrument because of its unsymmetrical 
divisions'is highly Undesirable in certain applications, and while very little 
can be done with the thermocouple itself to overcome this, certain modifica¬ 
tions can be made in the design of the instrument proper to give an almost 
linear scale indication. 
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The most common method to accomplish this is to so shape the magnetic 
pole pieces so that the magnetic flow will be less when the coil moves toward 
the up-scale position. A schematic view of such a design is shown in fig. 
1,461-18. With the resulting scale distribution in fig. 1,461-19. This 
weakening of the field which lowers the instrument sensitivity as the coil 
moves up-scale tends to compensate for the square law relation. 


R.f AMP£R£s 



Fig. 1,461-19.—Typical expanded scale of a therniocouple instrument. Courtesy Genera^ 
Electric Co. 


TEST QUESTIONS 

1. How are ammeters and volt meters classified? 

2. Describe the moving iron type instrument. 

3. What is the principle of the moving coil instrument? 

4. How does the winding differ in ammeters and volt 

meters? 

5. -Why is a high resistance cod used with a volt meter? 

6. How is an ammeter and volt meter connected? 

7. Describe a solenoid or plunger ammeter. 
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8. Describe a magnetic vane instrument. 

9. Describe an inclined coil instrument. 

10. How does a hot wire instrument work? 

11. What is the principle of electrostatic instruments? 

12. Explain the construction and principle of the Thom¬ 

son astatic instruments. 

13. What are multipliers? 

14. What is an electro-dynamometer, and how does it 

work ? 

15. How is the electro-dynamometer adapted to measure 

volts or watts? 

16. Explain how a watt meter is installed. 

17. Describe the Sangamo mercury motor watt meter. 

18. How does the thermocouple and light load adjustment 

of Sangamo meter work? 

19. Give a. practical and accurate method of plumbing a 

meter. 

20. Describe the method of testing a meter. 

21. What is the construction of the Duncan meter? 

22. Explain the method used in testing a watt-hour meter. 

23. How may an alternating current be measured on a 

direct current instrument? 

24. Upon what principles does the copper-oxide rectifier 

operate? 

25. Describe a thermocouple instrument. 

26. How may a thermocouple instrument be designed to 

obtain approximately uniform scale divisions? 
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CHAPTER 38A 

Direct Current Relays 

Direct Current Voltage Differential Relay: (Operating Prin¬ 
ciples).—This type of relay is used where it is desired to protect 
against unbalanced voltage in Edison 3-wire system. 

The principal parts consists of two operating coils; two 
plungers (one in each coil) a balance lever; two adjusting levers 
and springs; movable and stationary contacts; supporting frame 
and cover. See fig. 2. 

The coils consist of potential windings and are connected into 
service so that one coil is connected across one side of the 
system between the positive and neutral lines; the other coil 
across the other side of the system between the neutral and the 
negative lines, as shown in wiring diagram fig. 1. 

When the coils are energized there is generated a flux which 
exerts a pull on the plungers located within the hollow centers 
of the coil spools. With normal balanced voltage applied to the 
coils of the relay, an equal pull is exerted upon each plunger. 

On the other hand when an unbalanced voltage occurs, the 
pull exerted by one coil is greater than that of the other, which 
action finally results in closing the contacts of the relay, which 
in turn will energize the definite time relay, tripping the circuit 
breaker through the action of the shunt trip coil. 

By the use of suitable resistors this type of relay is adapted to 
any ordinary direct current voltage. 
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t'lG 1 —Diagram of connections for voltage differential relay for protection against unbalanoxl 
voltage m Edison 3-wire system. 



Pic. 2 —Extenor view of voltage differential relay, with cover removed Diagram of connec¬ 
tion shown m fig 1 
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Direct Current Power Directional Relay: (Operating Prin¬ 
ciples).—Reference to fig. 3 will assist in clearly understanding 
the principal of operating the direct current power directional 
relay. The armature is excited by the potential winding so that 
a magnetic flux is introduced. 

The stationary magnet frames are magnetized by the current 
element when current is flowing. If the polarities are as in the 
figure, the attraction between the poles of opposite polarities 
tends to rotate the armature in the counter-clockwise direction. 

It is pulled in the same direction by the spring and thus it 
is normally held against the stop whether the current is active or 
not, but if the flow of current reverses, the polarity of the 
stationary poles are reversed, and the torque exerted is also 
reversed. This torque depends directly upon the value of cur¬ 
rent flowing. 

When the reversed current is of sufficient value, the torque 
exerted overcomes the pull of the spring and the armature 



Fig. 3.—Schematic diagram illustrating operating principles of direct current pjower direC' 
tional relay. 
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rotates in the clockwise direction. This action causes the mov¬ 



able contact to close against the 
stationary contact. With suit¬ 
able external coimections, this 
action trips the oil circuit 
breaker. See diagram fig. 4. 


Fig 4 —Diagram of connection for direct current power directional relay. Breaker is tripped 
on reverse power by means of shunt trip coil 



Fig 5 — Extenor view of direct current power directional relay for mountmg on laminated 
stud. 
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Direct Current Combined Power Directional and Under¬ 
power Relay.—A relay of this type is applicable to any direct 
current circuits where very sensitive power-directional operation 
is required, and may be used for the following purposes: 

1. For operating alarm circuits or disconnecting direct cur¬ 
rent generators in motor-generator sets when ruiming light, due 
to the loss of motor supply. 

2. For operating alarm circuits or disconnecting synchronous 
converters from the direct current bus, when the alternating- 
current supply fails. 

3. To protect against damage which may result from a 
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4. In any case when power is flowing in the direction deter¬ 
mined for the functioning of the relay, it is desired to disconnect 
a circuit, prevent a circuit from being disconnected, or to 
operate auxiliary circuits. 

5. In automotive switching equipments for protecting motor- 
generator sets and synchronous converters against reversed ftow 
of power, and for shutting down the machines when power 
demand has decreased to a pre-determined value. 
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Fig 7 —Front view of under-power and power-directional relay. (Front and top cover re¬ 
moved) 


Operating Principles.—^An appreciation of the manner in 
which this type of relay operates can be obtained by reference 
to figs. 6 and 7. The current in the potential winding mag netiye.<^ 
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the core, side plates, and pole pieces. This excitation does not 
cause any movement of the armature. 

However, when current flows in the normal direction in the 
current element, the armature is magnetized, as indicated, 
and the magnetic reaction between the stationary and movable 
poles tends to rotate the armature (as viewed from the top) 
in the clockwise direction. 

Current flowing in the opposite direction reverses the polari¬ 
ties of the current element and the rotating tendency is in the 
opposite direction. 

When the armature moves to the right, the control lever 
rotates about the pin B, tensing the upper spring, which is 
connected to the power-directional lever. 

When the armature moves to the left, the control lever rotates 
about the upper pin A, thus tensing the lower spring which 
is connected to the under power calibration lever. 

Under normal load conditions a torque is produced which 
causes the eurnature to hold closed the under power contacts 
against the tension of the lower spring. When the power falls 
below a pre-determined value, the torque exerted is decreased, 
the spring overcomes the decreased pull of the armature, and 
the under power contacts are opened. 

Upon reversal of power flow the torque reverses and the 
armature forces open the power-directional contacts against 
the tension of the upper spring. 

The positions of the movable armature, and consequently 
the contacts for the various conditions of excitation of the 
relay are as follows: 

1. With the relay coils de-energized the control lever just 
touches the pins A and B, and the right hand contacts of the 
relay are closed; left-hand contacts open. 

2. When the potential coil only is energized, the left-hand 
contacts of the relay are open and the right-hand contacts closed. 
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3. (a) With both coils energized, and with normal current 
flowing in the proper direction, the armature is moved to the 
left, holding the left-hand contacts closed. The right-hjmd 
contacts are also closed. 

(6) With imderciurent flow, the armature is pulled away 
from the left-hand contacts allowing them to open. The other 
contacts remain closed. 

4. When the current coil is energized with current flowing in 
the reverse direction, the armature is moved to the right, 
opening the right-hand contacts. 



Pig. 8.—Diagram of connections between relay and copper shunt. 

Copper Shunt.—When current to be controlled is of a value of 
200 amperes and more, a special copper shunt is used, so as to 
obtain the same temperatxire co-efficient in the shunt as in the 
current coil of the relay. Thus the calibrations of the relay 
are essentially the same irrespective of the normal changes in 
climatic conditions. Typical shunt connections are illustrated 
in fig. 8. 
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The wiring diagram fig. 9 shows a direct-current machine 
connected to buses through an air circuit breaker and a copper 
shunt for use with the relay. The potential coil of the relay is 
connected in series with an auxiliary switch on the air circuit 
breaker. 



The power-direc¬ 
tional contacts of the 
relay function to 
open-circuit the coil 
of the und r voltage 
device, when the flow 
of power reverses, 
thus causing the air 
circuit breaker to 
open. When the 
breaker opens the 
auxiliary switch also 
opens, and voltage is 
removed from the 
potential coil of the 
relay. 

The current flow¬ 
ing having reduced 
to zero, the power- 
directional contacts 
automatically return 
to their normally 
closed position. 

The connection to 
the under power con¬ 
tacts consists of an 
alarm signal which 
will notify operator 
that the p>ower de¬ 
mand has decreased 
below a pre-deter- 
mined value. 


F:c. 9.—Connection diagram for under-power and power-directional relay. 
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CHAPTER 39 


Testing and Testing Apparatus 

The practical electrician frequently has to make tests of 
various kinds which require the rapid and accurate measurement 
of voltage, current and resistance. It is therefore essential that 
he understand the methods employed in testing and the opera¬ 
tion of the instruments used. 

Most tests are made with a galvanometer, and the devices such as re. 
sistances, switches, etc., which aie used in connection with the galvan¬ 
ometer may be obtained put up in a neat and substantial tox together 
with the galvanometer, the combination being called a “testing set.” 
Numerous forms of testing set are illustrated in this chapter. 

The construction, use, and operation of the various types of galvan¬ 
ometer have been explained in chapter thirty-seven. Ammeters and volt 
meters, which are simply special forms of galvanometer, and which are 
largelv used are fully described in the preceding chapter. 

Pressure Measurement.—An electromotive force has been 
defined as that which causes or tends to cause a current; it is 
analogous to water pressure; potential difference corresponds to 
difference of level. The total electromotive force of a circuit is 
independent of resistance or current, and cannot be limited to 
mean the fall of pressure between any two points, as for in¬ 
stance the terminals of a battery. 

If the pressure of a battery be two volts when measured on open circuit 
by a static voltmeter, there will still be two volts on closed circuit, but 
there will now be a loss of pressure through the internal resistance of the 
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battery and the voltage across the terminals will be less than the total 
voltage. The static volt meter, never closing the circuit, actually measures 
the total voltage. 

Ques. What error is introduced in measuring the pres* 
sure of a battery with an ordinary volt meter? 


ZINC SULPHATE 
CRVSTMS 

MERCUROUS AND 
SULPHATE AWD21NC 
SULPHATE PASTE 


MERCURY^ 



ZINC SULPHATE 
SOLUTION 


ZINC SULPHATE 
CRYSTALS 


Fia. 1.462.—Clark cell (Kahle’s modification of the Rayleigh H lorm), the standard for the 
International volt. The cell has for its positive electrode, mercury, and lor its negative 
electrode, amalgamated zinc. The electro yte consists of a saturated i»olution of zinc sul¬ 
phate and mercurous sulphate. The pressure is 1.434 volts at 15® C , and between 10® C. 
and 25® C. the pressure decreases .00115 of a volt for each increase of 1® C. The containing 
glass vessel consists of two limbs, closed at bottom and jo ned above to a common neck 
fitted with a ground glass stopper. The diameter of the limbs should l)e at least 2 cms., 
and their length at least 3 cms. The neck should be not less than 1.5 cms, in diameter. At 
the bottom of each limb a platinum wire of alx)ut .4 mm. in diameter is sealed tnrough the 
glass. To set up the cell, place mercury in one limb, and in the other hot liquid amalgam, 
containing 90 pans mercury and 10 parts zinc. The platinum wires at the bottom must 
be completely covered by the mercury and the amalgam, respectively. On the mercury, 
place a layer 1 cm. thick of the zinc and mercurous sulphate paste. Both this paste and 
the zinc amalgam must be covered with a layer of the neutral zinc sulphate crystals 1 cm. 
thick. The whole vessel must tlicn be filled with the saturated zinc sulphate solution, and 
the stopper inserted so that it w.ll just touch it, leaving, however, a small bubble to guard 
against breakage when the temperature rises. Before finally inserting the glass stoppier 
a strong alcoholic solution of shellac is applied to the upper edge, after which the stopper 
is pressed firmly in place. 
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Ans. Since the measurement is made on closed circuit the 
reading docs not give the total pressure of the battery. 

The error is very slight because the resistance of the volt meter is very 
high and the current so small that the loss of press^ire in the battery can 
be neglected. 



Big 1,463 —Weston Cadmium Cell It is made in two forms, one known as the Weston normal 
cell, in which the solution of cadmium sulphate is saturated at all temperatures at which 
the cell may be used The other, known as the Weston standard cell, in which the cadmium 
sulphate solution is unsaturated at all temperatures above 4° C The Weston normal cell, 
or saturated form is slightly affected by changes in temperature, but, on account of the fact 
that it can be accurately reproduced, it was adopted by the Lx>ndon Conference in 1908, 
as a convenient voltage standard The value of its voltage suggested by the committee 
of the London Conference on Electrical Units and Standards, and adopted by the Bureau 
of Standards at Washington, Jan Ist, 1911, is 1 0183 International volts at 20® C. At any 
other temperature its voltage is 

Et ■= Em - 0000406 (t - 20) - 00000095 (t - 20)2 + 0000000 (t - 20®)» 

The Weston standard cell, or unsaturated form is practically unaffected by changes in 
temperature and is the form most commonly used for laboratory work and general testing, 
'fhe average pressure of this form is 1 0187 Int volts 


Ques. Define the International volt. 

Ans. It is the electromotive Jorce that, steadily applied to a con- 
ductor whose resistance is one International ohm, will produce a 
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current of one International ampere, and which is represented 

1 000 

sufficiently well for practical use by — of the voltage between 

1,434 

the poles of the Clark cell at a temperature of 15° C., when pre- 
pared as in fig, 1,462. 



Figs 7 464 and 1 465 —Steam pump showing by hydraulic analogy the difference between 
amperes and coulombs If the current strength in fig 1,4''5 be one ampere, the quantity 
of electricity passing any point in the circuit per hour is 1 X ^ X 60 = 3,6P0 
coulombs The rate of current flow of one ampere here illustrated may be compared to the 
rate of discharge of a pump as in fig 1 464 Ass iming the pump to ^ of such size that it 
dischzwges a gallon per stroke and is making 60 strokes per minute, the quantity of water 
discharged per hour (coulombs in fig 1,46 >) is 1 X 60 X 60 = 3 6(X) gallons Following 
the analogy further (in fig 1,465), the pressure of one volt is required to force the electricity 
through the resistance of one ohm between the terminals A and B In fig 1,464, the boiler 
must furnish steam pressure on the pump piston to overcome the friction (resistance) offered 
by the pipe and raise the water from the lower level A', to the higher level B'. The differ¬ 
ence of pressure between A and B in the electric circuit corresponds to the difference of 
pressure between A' and B' The cell furnishes the energy to move the current by main¬ 
taining a difference of pressure at its terminals C and D, similarly, the boiler furnishes 
energy to raise the water by maintaining a difference of pressuie between the steam pipe C, 
and exhaust pipe D\ 


The relation between the units volt, ampere and ohm, is shown graph* 
ically in figs. 1,464 and 1,465. 
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Current Measurement.—It is necessary to adopt some 
arbitrary standard in order to compare currents of different 
strengths. The term strength of a current, or current strength 
means the rate of flow past any point in the circuit in a given 
unit of time. 

The unit of current, called the cmpere, is defined as the. unvarying current 
whichy when passea through c solution of nitrate of silver in water (15 per 
cent, by weight of the nitrate) deposits silver at the rate of .001118 gramme 
per second. 

Ques. How much copper or zinc will one ampere deposit 
in one second? 

Ans. .0003286 gramme of copper in a copper voltameter, 
or .0003386 gramme of zinc in a zinc voltameter. 

Ques. What is the difference between an ampere and a 
coulomb? 

Ans. An ampere is the unit rate of flow of the current, and 
a coulomb is the unit quantity of electricity, that is, the ampere 
is the rate of current flow that will deposit .0003286 gramme 
of copper in one second and a coulomb is the quantity of elec¬ 
tricity that passes a given point in one second when the current 
Strength is one ampere. 

In other words a coulomb is an ampere second. 

Example .—If an arc lamp require a current of 8 amperes, how much 
electricity does it consume per hour? 

Since one coulomb=one ampere second, the quantity of electricity con¬ 
sumed per hour is 

am^es \ ^ /^con^s \ ^28,800 coulombs. 

NOTE.t—>1 galvanometer is not a measuring instrument and should not be used as such* 
except in cases where no better method is available; for example, the measurement of insulatioo 
resistance. Where circumstances are such that a galvanometer must be used ts a measuring 
instrument, it should be calibrated with such frequency as to become, in effect, a transit 
instruniruk. 




1,010 Testing and Testing Apparatus 


Voltameter.—voltameter is an electrolytic cell employed 
to measure an electric current by the amount of chemical de¬ 
composition the current causes in passing through the cell. 
There are two classes of voltameter: 

1. Weight voltameters; 

2. Gas voltameters. 



Fig. 1,466 —Queen weight voltumeler for determining the strength of current by the weight of 
metal depxjsited in a given time The two outside plates form the anode and are joined 
together and to one binding post, while the cathode is placed between them and connected 
to the other binding post The cathode thus receives a dejxjbit on both sides An adjustable 
arm serves to lower the plates into the electrolyte lo calculate the strength of an un¬ 
known current which has passed through a weight volt meter, divide the gam in weight by 
ih^ number of seconds the current flows through the instrument and by the weight deposited by 
one ampere in one second That is, (''or copp r voltameter) current strength in amperes »» 
gam in weight (time in seconds X .0003286) 

Ques. What is the difference between these two classes 
of voltameter? 

Ans. In one, the current strength is determined by the 
weight of metal deposited or weight of water decomposed, and 
in the other by the volume of gas liberated. 
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Fig. 1,466 shows a weight voltameter and fig. 1,467 a gas voltameter. 


Ques. How should the plates of a weight voltameter be 
treated before use? 

Ans. They must be thoroughly cleaned and polished with 
sand paper, the sand being afterwards removed by placing them 



Fio 1,467 —Gas voltameter for determining the strength of cur¬ 
rent by the volume of gas evolved To use, connect up as 
shown in the illustration Adjust so that the zero position 
of the burette is about one-half mch below the level of the 
top of the U tube Pour acidulated water into the mouth of the 
burette till the water in the U tube is about one-half inch from 
the top With the electrodes mserted through the corks* care¬ 
fully place each one in position by giving a slight twist to the 
right as the cork enters The water level in the U tube and 
burette should now be the same or further adjustment must be 
made to attam this result The level m the burette does not 
necessarily have to correspond with the zero graduation* but 
must not be below it Unclamp the burette and hold it nearly 
horizontal The liquid will not run out if the corks be tight* ac¬ 
cord ingly th.i8 IS the atr leakage test Attach the connectors and 
wires from the current source (which should have a pressure 
of 2 or more volts) placmg a switch m the circuit. When th 
switch IS closed* bubbles of gas will rise m the U tube from 
both electrodes, displacing the water and forcmg it up the 
burette Hydrogen will be liberated over the negative elec¬ 
trode, and oxygen over the positive electrode m the pro¬ 
portion of twice as much hydrogen as oxygen. To calculate 
the current strength, dttnde the volume of gas liberated by the 
time in seconds, and by the volume of gas liberated (in cubic 
centimeters) by one ampere in one second and by .1733; that is: 
amperes » volume of gas liberated -f- (tune m seconds 
X .1733). 


in running water. The fingers must not be placed on any part of 
the plate which is to receive the deposit. 

Ques. What form of voltameter has been selected to 
measure the Intmimtional ampere? 

Ans. The silver voltameter arranged as here specified. 
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The cathode on which the silver is to be deposited shall take the form 
of a platinum bowl, not less than IJ cms. in diameter, and from 4 to 5 
cms. in depth. 

The anode shall be a disc or plate of pure silver some 30 sq. cms. in 
area, and 2 or 3 cms. in thickness. This shall be supported horizontally 
in the liquid near the top of the solution by a silver rod riveted through 
its cwter. 

To prevent the disintegrated silver which is formed on the anode falling 
upon the cathode, the anode shall be wrapped around with pure filter 
paper, secured at the back by suitable folding. 

The liquid shall consist of a neutral solution of pure silver nitrate coa 
taining about 15 parts by weight of the nitrate to 85 parts of water. 

Ques. What is the value of the International ampere as 
measured with the silver voltameter? 

Ans. The International ampere is represented sufficiently 
well for practical use by the unvarying current which, when 
passed through a silver voltameter (as described above) deposits 
silver at the rate of .001118 gramme per second. 

Ohm’s Law and the Ohm.—The various tests here described 
depend for their truth upon the definite relation existing be¬ 
tween the electric current, its pressure, and the resistance 
which the circuit offers to its flow. 

This relation was fully investigated by Ohm in 1827. Using the same 
conductor, he proved not only that the current varies with the pressure, 
but that it varies in direct proportion. 

Ohm’s law has already been discussed in a previous chapter 
and the several ways of expressing it are repeated here for con¬ 
venience: 


1. Amperes == 


volts ^ 

ohms' 
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2. Volts=amperes Xohms; 


3. 


Ohms = 


volts 

amperes 


Various values have been assigned, from time to time, to 
the ohm or unit of resistance, the unit in use at the present time 
being known as the International ohm. This was recommended 



1,468—The International ohm. By definition, the resistance of 14 452 grammes of 
mercury tn the form of a column of uniform cross section 106 3 centimeters in lengthy at a tern- 
ptrtUure of 0** C This is approximately equivalent to a column 106 3 cm long, having a 
uniform cioes section of 1 sq mm In the figure the resistance of the external circmt and 
the standard one volt cell is assumed to be zero 
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at the meeting of the British Association in 1892, was adopted 
by the International Electrical Congress held in Chicago in 
1893, and was legalized for use in the United States by act of 
Congress in 1894. The International ohm is graphically de¬ 
fined in fig. 1,468. The previous values given to the ohm which 
were more or less generally accepted are as follows: 

The Siemens* Ohm.—A resistance due to a column of mjercury 100 cm. 
long and 1 sq. mm. in cross section < 2 / 0° C. 

B. A. (British Association) Ohm.—A resistance due to a column of 
mercury approximately 104.9 cm. long and 1 sq. mm. in cross section at 0® C. 

Legal Ohm.—A resistance due to a column of mercury 106 cm. long and 
1 sq. mm. in cross section at 0° C. This unit was adopted by the Paris 
conference of 1884. 


OHM TABLE* 



Date 

Inter¬ 

national 

X>hm 

Legal 

Ohm 

B. A. 

Ohm 

Siemens’ 

Ohm 

Interaational Ohm. 

1893-4 

1. 

1.0028 

1.0136 

1.0630 

Legal Ohm . 

1884 

.9972 

1. 

1.0107 

1.0600 

B. A. Ohm . 

1864 

.9866 

.9894 

1. 

1.0488 

Siemens’ Ohm. 


9407 

.9434 

.9535 

1. 


Practical Standards of Resistance. —The column of mer¬ 
cury as shown in fig. 1,468, is the recognized standard for re¬ 
sistance, however, in practice, it is not convenient to compare 
resistances with such a piece of apparatus, and therefore sec¬ 
ondary standards are made up and standardized with a great 
degree of precision. These secondary standards are made of 
wire. The material generally used being manganin or platinoid. 


♦NOTE .—In the above table to reduce, for instance, British Association ohms to Inter¬ 
national ohms, multiply by .9866, or divide by 1.0136; to reduce legal ohms to International 
ohms, multiply by .9972 or divide by 1.0028 etc. 
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Resistance Measurement .—Resistance is that which offers 
opposition to the flow of electricity. Ohm’s law shows that the 
strength of the current falls off in proportion as the resist- 



Fia. 1,46P.—Leeds and Northrup resistance standards, National Bureau of Standards type, 
hermetically sealed in a neutral oil to overcome changes due to atmospheric conditions. 
Accuracy of 1% for total energy of watt ^ of 1% up to 1 watt. The principal 
requirement in a resistance stnn^ard is that its resistance value be definite within the 
required accuracy, under definite conditions For the sake of convenience the value of a 
standard should be deiinite under all usual conditions of normal use. However, for work of 
the utmost accuracy, it is often necessary to resort to the use of temperature control by 
means of oil baths. 

Fio. 1,470 —Leeds and Northrup standard r sistance Reichsanstalt type .1 ohm; adjusted at 
20® C. Low resistance standards may be properly divided into two classes: 1, those which 
are designed primarily as resistance standards, and 2, those designed as current carrying 
standards. Those of the first mentioned class are often used to measure currents up to their 
capacity. The above standard has both pres::ure and current terminals. The binding posts 
for the former are mounted on high posts so as to be easily accessible when the standard it 
immersed in oil. When used as a resistance standard of precision, it should not be subjected 
to a current of more than one ampere, and when used as a current carrying standard of lesser 
accuracv. 0 current of 2 or C amperes may be used. 
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There are various methods by which an unknown resistance 
jnay be measured, as by the: 

1. Direct deflection method; 

2. Method of substitution; 

3. Fall of potential method; 

4. Differential galvanometer method; 

5. Drop method; 

6. Volt meter method; 

7. Wheatstone bridge method. 



Fiq. 1,471.—Direct denection method of testing resistance ; a usc'nl an 1 simple method which 
may l-ie ust'd in numerous les*s. Galvanometer readmes are taken throui'li tiie known and 
unknown rea.i.'.ianceand the current being proixirtional to the ceded ion.'., the value of the 
unknown resistance is easily calculated. 


Direct Deflection Method.—This method is based on the 
fact that the greater the current through a galvanometer the 
greater the deflection of the needle; it is a simple method and 
is capable of extended application.. 

The apparatus required consists of battery, galvanometer, 
known resistance, and double contact key. The connections 
are made as in fig. 1,471. 

The known resistance is put in circuit with the galvanometer and after 
noting the deflection, the key is moved in order to cut out the known 




Testing and Testing Apparatus 


1,017 


resistance and throw into circuit the unknown resistance. The deflection of 
the galvanometer is again noted and compared with the first deflection. 

If the deflections be proportional to the current, the unknown resistance 
will be as many times the known resistance as the deflection with the 
known resistance is greater than the deflection with the unknown resistance. 


Method of Substitution.—This is the simplest method of 
measuring resistance. The resistance to be measured is inserted 
in series with a galvanometer and some constant source of 



PiQ. 1,472 —^Substitution method of testing resistances. The connections and apparatus are the 
same as in hg 1,471, except that a resistance box is used in place of the known resistance 
In making the test, first note deflection with unknown resistance in circuit, then press 
key solhat the current will pass through ♦he resistance box, and adjust the resistance in 
the box so that the deflection of the galvanometer is about the same as with the unknown 
Now switch from this circuit to the other, changing the resistance in the box until equal 
deflections are obtained. When this obtains, the resistance in the box is the same as the 
resistance being tested. 
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current, and the galvanometer deflection noted. A known ad¬ 
justable resistance is then substituted for the unknown and 
adjusted till the same deflection is again obtained. The value 



Fig. 1,473.—Ordinary resistance box. It contains a set of standard resistances consisting of 
coils of insulated wire having low conductivity and small temperature coefficient. The 
ends of the coils are joined to tlie section of the bar between the plugs. The insertion of 
a plug cuts out a coil. In using, care should be taken to put the plugs in with a slight twist 
so that there shall be no resistance introduced by poor contact. 



Fio. 1,474.—Megohm box or set of standard high resistances. The box contains five resist* 
ances of 200,000 ohms each. The six pillars are petticoat insulated, the resistances being 
placed between each pair of pillars. There is a double contact post on top of each pillar 
so that these can be connected together with copper links. 
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of the adjustable resistance thus obtained is equal to that ol 
the resistance being tested. 

Ques. What kind of adjustable resistance is used in mak< 
ing the above test? 

Ans. A resistance box. 



Fia. 1,475.—Leeds and Northrup Standard high resistance box, 100,000 ohms equipped with 
short circuiting switch. When the switch is thrown to the right the box is short circuited 
and when thrown to the left the resistance of 100,000 ohms is placed in the circuit. 

Fig. 1,476. —Standard resistance box; 100,000 ohms, in four units of 10,000,20,000, 30,000, and 
40,000 ohms. An “infinity” plug separates each coil from the ones adjacent. Segments ar# 
elevated from the hard rubber top by special washers in order to increase insulation. Bind¬ 
ing posts are so arranged as not to be in the way when plugs are used. 


Ques. Describe a resistance box. 

Ans. It consists of a box containing numerous resistance 
coils with their ends connected to terminals and provided with 
plugs so that they may be thrown into or out of circuit at will, 
thus varying the Resistance in the circuit. 

Fall of Potential Method.—This is a very simple method of 
measuring resistances, and one that is convenient for practical 
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work in electrical stations because it requires only an ammeter, 
volt meter, battery and switch—apparatus to be found in every 
station. The connections are made as shown in fig. 1,477. 

In making the test the ammeter and volt meter readings are 
taken at the same time, and the unknowm resistance calculated 
from Ohm’s law. Accordingly, since: 

volts 

amperes = ..(1) 

ohms 


AMMETER VOLTMETER 



SWITCH 


Fig. 1,477.—F^all of p>otential method of testing resistances; a convenient method for testing at 
stations, requiring only the usual instruments to be found at a station. The resistance 
of the volt meter must be very high, otherwise the test must be made as in fig. 1,478. 


solving for the resistance. 


, volts 

ohms =..(2) 

amoeres 
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Example .—If in fig. 1,477 ihe readings show 6 volts and 2 amperes 
how many ohms is the resistance being tested? 

Substituting in formula (2) 

ohms **^=3 
2 

Ques. Can this test be made with any kind of volt meter? 



Fio. 1,478.—Fall of potential method of testing resistances; diagram showing connections for 
testing with low resistance volt meter. The resistance measured with this connection will be 
the sum of the resistance; of the coil and the ammeter. The resistance of the ammeter is 
usually known and can be subtracted from the sum to obtain the required resistance. 


Ans. Its resistance must be very high to avoid error. When 
a volt meter having small resistance is used, it should be con¬ 
nected so as to measure the fall of pressure across both am¬ 
meter and unknown resistance as shown in fig. 1,478. 

DiffereDtial Galvanometer Method.—This is what is knowm 
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DIFFERENTIAL 

6ALVAN0METEI? RESISTANCE BOX 



Vta. 1,479—Differential galvanometer method of te&ting resistance> In making the test, the 

resistance box is adjusted till the galvanometer neeulF* shoAFs no deflection. When thi* 
condition obtains, the resistance in circuit in the resistance box is equal to the unKnown 
resistance, hence, a reading of the box gives the value of the unknown resistance. 



Fig 1,480 —Knott Traveling Plug resistance box, range 1 to 1,110 ohms This box is provided 
with brass blocks and ebonite top Contains 12 coils ranging from 1 to 400 ohms, with total 
resistance of 1,110 ohms T1 e usefulness of this box is increased by the addition of two 
traveling plugs facilitating iL» use in the comnarison o electromotive force of Lafteries. 
ard othe- tests 
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as a nil or zero method, that is, a method of making electrical 
measurements in which comparison is made between two 
quantities by reducing one to equality with the other, the 
absence of deflection from zero of the instrument scale showing 
that the equality has been obtained. 

The lest is made with a differential galvanometer, and resistance box 
connected as in fig. 1,479. The current then will divide so that part of 
it flows through the resistance being tested and around one set of coils of the 
galvanometer while the other part will flow through the resistance box 
and the other set of coils as indicated. 



I iG. 1,481.—Single contact and short circuiting key. This key is intended especially for use with 
D’Arsonval galvanometers in zero, deflection methods. The key is connected in circuit with 
the galvanometer so that whenever the key is not depressed, the galvanometer is short 
circuited, and its oscillations quickly damped out by the currents induced in its coil. 


When the resistance box has been so adjusted that its resistance is the 
same as the unknown resistance the current in the two branches will be 
equal, and the needle of the galvanometer will show no deflection. 


Ques. What name is given to this method of testing? 

Ans. It is called a zero method, distinguishing it from de¬ 
flection methods. 

Ques. For what kind of resistance is the method adapted? 
Ans. Since it is a ml or zero method, it is better adapted 
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to the measurement of non-inductive than of inductive re¬ 
sistances. 

Ques. What precaution should be taken lyith inductive 
resistances? 

Ans. The current must be allowed to flow until it becomes 
steady to overcome the influence of self-induction. 



1,1^?.—Drop method of testing resistances. Tne apparatus is connected as shown and 
readings taken with volt meter acro.ss known and unknown resistance. The unknown resis- 
ancc is then easily calculated. 


Ques. What may be said with respect to the diflerentia) 
galvanometer method? 

Ans. With an accurate instrument it is very reliable. 

Drop Method.—This is a convenient method, and one which 
may be used for measuring either high or low resistances with 
precision. It is used for many practical measurements, and 
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requires only a voltmeter, battery, known resistance and a two 
way switch. 

The instruments are connected as in fig. 1,482, and in making 
the test, the volt meter is switched into circuit across the known 
resistance and then across the unknown resistance, readings 
being taken in each case. The value of the unknown resistance, 
is then easily calculated from the following proportion: 

drop across known resistance _ known resistance 
drop across unknown resistance unknown resistance 

fix>m which 

unknown \ _ known resistance xdrop across unknown resistance 
resistance/ drop across known resistance 

Ques. What may be substituted for the volt meter? 

Ans. A high resistance galvcuiometer, whose deflections are 
proportional to the current, the value of the deflections being 
substituted in the formula. 

Ques. What precaution should be taken in making the 
test? 

Ans. The current used should not be strong enough to 
appreciably heat the resistance, and if the current be not very 
steady, several readings should be taken of each measurement 
and the average values used in the formula. 

Ques. How are the most accurate results obtained? 

Ans. By selecting the known resistance as near as possible 
to the supposed value of the imknown resistance. 
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Volt Meter Method.—This is a direct deflection method and 
consists in determining first the resistance that will deflect the 
needle through one division of the scale on a given battery 
current, then with this as a basis for comparison the volt meter 
is connected across the unknown resistance whose value is 
easily calculated from the reading. 

In making the test, the instruments are connected as in fig. 
1,483. The current from battery is first passed through the 
galvanometer by turning switch as shown. 



Fla. 1,483.—Volt meter method of testing resistances Knowing the resistance of the volt meter, 
turn switch to the left and from reading calculate resistance corresponding to one division 
of the scale. Turn switch to right and multiply reading by resistance required for deflec¬ 
tion of one division. This gives resistance of volt meter and unknown resistance; subtract^ 
teg from this the resistance of volt meter gives value of the unknown resistance. 


Assuming the resistance of the instrument to be 8,000 ohms and that 
lae current deflects the needle through 10 divisions of the scale, then for 
a deflection of one division the resistance is 

8,000X10 - 80,000 ohms. 

Accordingly, if, when the switch is moved to the right connecting the 
volt meter across the unknown resistance, the needle be moved through 
6 divisions of the scale, the combined resistance of the volt meter and un¬ 
known resistance is 


80.000-^6*13.333^ ohms. 
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and substracting the resistance of the volt meter, the value of the un¬ 
known resistance is 

13,3331-8.000 = 5,333i ohms. 

Ques. For what kinds of test is the volt meter method 
best adapted? 

Ans. For measuring high resistances, as the insulation of 
wires, etc. 



Fig 1,484. —Double contact key It is of especial value in connection with a Wheatstone bridge. 
When used with the latter it forms a combination battery and galvanometer key. The 
battery is wired to the top leaves of the kev and the galvanometer to the lower leaves. 
Hence, when operated, the battery circuit v/ill be closed before the galvanometer circuiti 
as It IS desirable to avoid undue disturbance of the needle. 


Ques. What may be said with respect to the current used? 

Ans. Its voltage should be as high as possible within the 
limits of the volt meter scale. 

Ques. In testing cable insulation what is desirable with 
respect to volt meter and current? 

Ans. A low reading volt meter should be used in connection 
with a large battery. 
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Wheatstone Bridge Method.—For accxirate measurements 
of resistance this method is almost imiversally used. 

The so called “Wheatstone” bridge was invented by 
Christie, and improperly credited to Wheatstone, who 
simply applied Christie’s invention to the measurement 
of resistances. 



PiQ. 1,485.—Diagram showing principle of Wheatstone’s bridge. A, B, C and D, are the four 
members which constitute the bridge. The current from the battery divides at P, part 
traversing DC, and part traversing BA. The galvanometer connected to M and N, will 
indicate when the currents are equal in the two branches by giving m deflection. This is 
then a z^o or nil method of testing. The resistances and keys required m testing ire shown 
in hg. 1,489. In the actual instrument, the members A, B, C, and D, are known by the names 
given m the figure. 

This stigma has become so firmly rooted that it will perhaps have to be 
tolerated. 


The bridge consists of a system of conductors as shown in 
fig. 1,485. The circuit of a constant battery is made to branch 
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at P, into two parts, which re-unite at Q, so that part of the 
current flows through the point M, the other part through the 
point N. The four conductors A,B,C,D, are spoken of as 
the arms of the balance or badge. 

It is by the proportion existing between the resistances of these 
arms that the resistance of one of them can be calculated when the 
resistances of the other thre‘> are known. 



Fio. 1,486 —Knott hydrodynamic Wheamtone bridge for a study of the principles involved by 
measurements of resistance by the Wheatstone brioge methoj, using fsill of hydraulic 
(H-easure as an analogy to electric pressure. On a polished woo *en baseboard is mounted 
a system of tubes connected to form a Wheatstone diagram In the “arms” are reducing 
valves analogous to resistances Pressures in the various arms are indicated by the mano¬ 
meters. In the “bridge” is a pressure indicatcM' analogous to the galvanometer by connecting 
to one of the nipples and allowing a flow of water through the apparatus, the fall of preasure 
through the different arms may readily be noted. By regul iting the reducing valves in these 
arms, a balance may be secured wl'en no mdications of pressure can be noted in the “iMidge.** 
The pressure in the arms will be noted in the manometer. 


When the current which starts from the battery arrives at P, the press¬ 
ure will have fallen to a certain value. The pressure in the upper branch 
falls again to M, and continues to fall to Q. The pressure of the lower 
branch falls to N, and again falls till it reaches the value at Q. Now if 
N» be the same proportionate distance along the resistances between P 
and Q, as M, is along the resistances of the upper line between P and Q, 
the pressure will have fallen at N, to the same value as it has fallen to at M; 
cr, in other word?, if the ratio of the resistance C, to the resistahce D. be 
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equal to the ratio between the resistance A, and the resistance B, then 
M and N, will be at equal pressures. To find out if this condition obtain, 
a sensitive galvanometer is placed in a branch wiie between M and N, 
which will show no deflection when M and N, are at equal pressure or 
when the four resistances of the arms “balance” one another by being in 
proportion, thus: 



I*to. 1,4S7.—Knott clc'nrn>LraLion Wheatstone brr’ge for a study of fall of potential and dem 
onstration of the principle of the Wheatstone I ric.ge This apparatus was designed for U8« 
on the lecture table, which accounts for its generous proportions Each arm of the bridge 
has an incandescent lamp inserted in it, so that whether current goes through that arm or 
not becomes evident instantly A galvanometer «s piovided as part of the outht. 



Fig. 1,488 —Knott demonstration Wheatstone bridge, diamond form for practical application 
of Wheatstone diagram in determining resistance As will be noted from the illustration, 
all connections and cods are mounted on a base according to the Wheatstone ciiagram as 
found in standard textbooks. In the “ratio arms’’ are coils of 1, 10 and 100 ohms The 
“balance arms” are provided with gaps each with non-detachable binding posts, one i^ir for 
the “known” and one pair for the “unknown” resistance. Binding posts and a ke/ are 
provided for the battery and ^ralvanometer circuits. 
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A:C=B:D.(1) 

If, then, the value of A, B, and C, be known, D, can be calculated. The 
proportion (1) is reduced to the following equation before substituting. 



For instance, if A and C, be, as in fig. 1,489, 10 ohms and 100 ohms re¬ 
spectively, and B be 15 ohms, D will be (15X100) 10 = 150 ohms. 

As constructed, Wheatstone bridges are provided with some resistance 
coils in the arms A and C, as well as with a complete set in the arm B. 

M 



Fio. 1.4F9.—Diagram showing arms of Wheatstone bridge, resistances and method of connecting 
galvanometer, battery and unknown resistance. 


The advantage of this arrangement is that by adjusting A and C, the 
ratio between B and D, can be determined, and can, in certain cases, 
be measured to fractions of an ohm. In fig. 1,489 resistances of 10, 1(X), 
and 1,000 ohms are included in the arms A and C. 

Ques. Describe the method of testing with the bridge. 
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Ans. Fig. 1,490 illustrates the ^jeneral arrangement of re¬ 
sistances to be found in an ordinary bridge. The connections 
are made as shown. In testing, first depress the battery key. 



Fio 1,490 —Diagram showing usual arrangement of resistance,* n arms ot W heatston bridge. 
In practice the bndge is seldom or never mace in tne lozenge shape of the diagrams, figs 
1,4 5 anJ 1,19, these bemg given merely for clearness 1 he resistance box of fig I is, in 
Itself, a complete “bndge,” the appropriate connections being made by screws at various 
points. The letters in the above diagram correspond with those m figs 1,4i:,5 and 1,489, ano 
the three hgures should be carefully compared. 


then tap the galvanometer key. This should be repeated ad¬ 
justing the resistances till no deflection is obtained. The re¬ 
sistance then in the arm Bx(C-7-A), will give the value of 
the unknown resistance. 

Ques. Why should the battery key be depressed before 
the galvanometer key? 
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Ans. The galvanometer needle will be deflected to one side 
for too much resistance, and to the opposite side for too little 
resistance. 



Pig. 1,492.—Pohl commutator. This is equivalent to a two pole double-tlirow switch. The 
depressions in the base are filled with mercury into which the contacts dip in closing the 
circuit. 



Fio. 1,493.—Ratio coils of Wheatstone bridge. Almost every box intended to serve as a Wheat* 
stone bridge is furnished with a set of coils which forms the arms of proportion or ratio arms 
of the bridge. There is a choice of several different ways of arranging these coils. The 
figure shows the simplest arrangement, which is employed in boxes not intended for the 
highest accuracy. The required ratio, as for instance 1:100 is obtained by withdrawing a 

1 10 , 1('(0 IfXlO 1.000 100 


plug from each arm A and B. 


Ratios 1. 


100 


etc., or - 


1 


10 


100 100 


etc., are obtainable in this manner. This simple arrangement is open not only to the objection 
that the contact resistance of the plugs which remain in is always included with the resist¬ 
ance unplugged, but also to all other object ons to be urged against the use oi many plugs where 
a few will do. I'he method has the limitation that it is not possible to reverse the arms of 
the bridge, that is, to transpose the arms A and B. 
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Fiq. 1,494.—^Method of reversing arms of Wheatstone bridge with reversing blocks. The arrange' 
ment shown in the figure is classical, being that used in the English post-office type of Wheat¬ 
stone bridge. It is open to the objections which apply to the use of several plugs, one ot 
which is withdrawn to obtain the desired resistance. 



Fio. 1,495.—^Leeds and Northrop dial type Wheatstone bridge. There are five dial decades, 
10 X .1 + 9 (1 + 10 + 100 -f 1,000) ohms. Ratio Arma: ten coils, plug controlled, rever¬ 
sible, 2 each 1. 10. 100, 1,000, 10,000 ohms, iiccurocy.* 1,000,100, 10 and 1 ohm decades, 
0.1 ohm decade. ^%; ratio coils, ^%. General: Large exposed studs; type B 
Metal spools; individual coil for each switch position; perforated metal box. 
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i- "nt- -n r--n r- i _ <- 1,497.— 

o yYiri -yiri rV'A Diagrams illustrating the 

I fVw'' F'''—^ oecade plan of combining 

L/^ ^ Iy^ XvwvX^ resistance coils, /n f^/a 

|v^ ' * X method the coils are con- 

i ^**N nected in series and the ar- 

r\^ ‘ rangement avoids the disadvantage of the 

I L/^ ordinary Wheatstone brir ge in that the lat- 

' ter requires a large number of plugs to short 

I circuit the resistance not in use, which 

J • introduces an element of uncertainty as to 

I I resistance of the plug contacts and the 

J ' necessity of adding up the values of all the 

I I unplugged resistances in order to deter- 

Jj pT 3 mine the total resistance in circuit. The 

necessary regular success on of values in a 
j 1 rheostat bu.lt on the decade plan can be 

5 '*^ obtained with either nine or ten coils per 

decade. The chief reason for using the 
latter number is found in the facility with 
L/^ , I which all the coils of one decade can be 

VyC—J v^CpJ compared with one coil of the next 
^ higher decade, thus permitting the coils 

of a rheostat to Le checked among them¬ 
selves. Thus, the ten I ohm coils can be checkei with a 10 ohm, the ten lO’s with a 
100, etc. In some sets the ten coils of a decade can be connected in series or in 
parsUlel, and it I! en I ecomes an advantage to have ten coils to a decade, since the coils in 
one decade in iiarallel e(|ual one of the coils of the next lower decade. M hen these latter 
advantages a.e not r<*<|uired, and es|.ecially when dials or sliding switches are used, there 
is little or no advanlage in u.sing more than nine coils pier decade, as shown in fig. 1,496. 
Here all the coils of the set are connected in senes so that the circuit is never open. Thus it 
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Qnes. What is the meaning of “Inf.,” marked on the 
bridge? 

Ans. It stands for “infinity,” because the resistance coil at 
the point marked infinity is omitted so that adjacent sections 
of the arm are disconnected when the plug is taken out. 

In fact, the air gap interposed by the removal of the plug by no means 
provides an infinitely great resistance, but is usually called ruch because 
it is vastly greater than any of the other resistances of the bridge. 

The Decade Plan.—In this method of combining resistance 
coils, there are 9 or 10 one ohm coils for the imits place, 9 or 10 
ten ohm coils for the tens place, 9 or 10 one hundred ohm coils 
for the hundreds place and so on. Each series of coils of the 
same value is designated a decade. The connections are usually 
made as shown in figs. 1,496 and 1,497. 

It is apparent from the figure that any value in any one decade can 
be obtained by inserting between a bar and a block, only one plug; more¬ 
over if several decades be in series, any value up to the limit of the set 
can be read off directly from the position of the plugs without having to 
add up the unplugged resistance as in the ordinary au'angement. 

Ques. What other advantages are gained with the decade 
arrangement? 

Ans. The single plug used with each decade is never out of 
use, being either in the zero position or set on some value, and 
is therefore not easily lost by being laid aside. The use of only 
one plug in a decade makes it easy to ascertain that the plug 


Flos. 1,496 and 1,497 .—Text continued. 

insert it again, as would be the case if the a. b and c. connections were not used. More¬ 
over, if any plug make bad contact, its effect is somewhat lessened by having this bad 
contact shunted by the remaining coils of the decade. Again, there are occasicnis where- 
violent deflections of a galvanometer are prevented by not having the circuit entirely opea 
when a plug is taken out. 
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is making good contact as only one block in a row is plugged 
at a time, the other blocks are not kept under a strain by 
having plugs forced tightly between them. 

This strain on the blocks, which always exists in those sets in which a 
resistance is thrown in by removing a plug, tends to separate or loosen 
them and often to warp the hard rubber upon which they are mounted. 
Another advantage of the decade plan is that it permits obtaining a 



Fw. 1,498.—Two plug arrangement of ratio coils. Each of the ratio coils has one of its terminals 
connected to a common center which corresponds to the block marked C, in the figure. Tie 
other terminal of each coil is connected to an inclividual block, there l)eing one block for 
each coil. The bar B, on one si le of these blocks is joined to tlie rheo.>tat and the bar A, on 
the othei side to an X, post. In the ordinary use of this set of ratio coils two plugs only are 
used. One plug is inserted between the bar A, and one of the blocks, 1,1', 10, 10', etc., of 
the central row of blocks. The other plug is inserted between tlie bar B, and any one of 
the other blocks of the central row. There are two ratio coils of each value. To obtain an 
even ratio as 1,000 to 1,000', one plug is inserted between the block 1,0(X) and the bar A, 
and the other plug between the 1,000 block and bar B, the ratio arms arc reversed; that is, 
the 1,000 ohm coil is connected to the X, post and the 1 .fKX) ohm coil to the end of the rheostat. 
When uneven ratios are used, the same ra’io can be obtained by four different combi .ations. 
To obtain the ratio one to ten, insert a plug between A and 1, and another between B and 
10, or between A and T and B a.id 10, and get 1;10, or Ijetwecn A and 1, and B and 10' 
and get l.TO', or again, between A and 1' and B and 10', and get 1' to 10'. Other ratioa 
are obtained in a similar manner. By using more than two plugs and connecting certain of 
the coils in parallel combinations, a large number of other ratios may be obtained. This 
arrangement offers a convenient m<'lh<Kl of measuring the sensibility of a bridge and galvano¬ 
meter combination tfjat is fre mently applicable. If for instance tlie one ohm coil be used 
on either side after a balance has been obtained the one ohrn n.ay l>e shunted with the 1,000 
ohm on the same sivde. This will make a variation of of 1% and the galvanometer 
deflection may be noted for this variation. Similarly, the 1 ohm may be shunted with the 
100 for a variation of 1%, or with the 10,(XX) for a variation of of 1%. The ten ohm 
coil may be shunted with the 1,000 for a variation of 1% and with the 10,000 for a variation 
of jTj of 1%. In the arrangement of ratio coils, errors due to plug contacts are negligible 
because only two plug contacts enter the circu t, and with an even ratio, it is only the differ¬ 
ence in the resistances of the two plug contacts that can affect the result. In measuring 
any of the ratio coils while in the box it is only necessary to connect to the b.*r C, and to 
either the bar A or B, and pf ag in the coils to be measured. 
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Figs. 1,499 and 1,500.—The Leeds 
and Northrup decade. The object 
of this arrangement is to reduce 
the number of coils required. In 
fig. 1,499, the 1, 3', 3 and 2 are 
connected in senes. Let the ter¬ 
minals of the 1 ohm and 2 ohm 
coils be numbered (1), (2), (3), 

(4) and (5) (fig. 1,499). The cur¬ 
rent enters at point (1) and 
leaves the coils at the point (5), 
traversing 1, 3', 3, 2 ««* 9 ohms m 
all. If this series be multiplied 
by any factor,w, then « (1 -j- 3' 

3 -f- 2) = n 9 ohms. It will be 
seen that if the points (1) and 

(5) be connected, all the cmls 
are short circuited, and the cur¬ 
rent wi 1 traverse zero resistance. 
If the points (2) and (5) be con¬ 
nected, the 3', 3 and 2 ohm coils 
will be short circuited and the 
current will traverse 1 ohm. By 
extending the process so as to 
connect two and only two points 
at a time it is possible to obtain 
the regular succession of values n 
(0,1,2, 3, 4,5, 6, 7, 8.9), the last 
being obtained when ro points 
are connected. Fig. 1,500 shows 
Leeds and Northrup’s method of 
connecting these points two at a 
time with the use of a single plug. 
The circles m the diagram repre* 
sent two rows of ten brass blocks 
each. To the first two blocks at 
the top of the rows, the points (5) 
and (1), fig. 1,499, are connected; 
to the second two, the points (2) 
and (5) are connected, etc., no 
points being cormected to the last 
pair of blocks. Hence, if a plug 
be inserted between blocks 1 and 
5, fig. 1,500, the points (1) and (5) 
of diagram fig. 1,499areconnected, 
giving the value of 0, if between 
the blocks 2 and 5 the points (2) 
and (5) are connected, giving the 
value 1, and so on. The value 
9 IS obtainable when the plug is 
in the last pair of blocks, which 
have no connection. Fig. 1,498 
shows a top view of the blocks 
of a simple decade constructed 
upon this plan. 
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succession of values by means of sliding contacts or dial su itches, a method 
which IS becoming deservedly more appreciated 

Ques. What is the difference between “plug out’’ and 
plug in” types of resistance box? 





Fio 1,501 —Queen Acme portable testing set It conai9ta of a Wheatstone bridge with revets 
ible arms, battery of four dry cells*, D Arsonval galvanomeier, bdtl#»ry and galvanometer 
keys There are sixteen resistance coils, having a combined resistance of 11 110 ohms 
Each bridge arm is provided with three coils of 1 10, 100 ohms, and 10 100, 1 000 ohms 
respectively The commutator admits of a ratio of 1 to 1 000 on either bridge arm, giving 
the set a theoretical range from 001 of an ohm to 11 110 000 ohms I or resistances above 
1,000,000 ohms, the normal battery power must be increased The contact keys are located 
as shown The battery key has single contact, but the galvanometer key has double con 
tact, depressing it closes the galvanometer circuit, and releasing it short circuits the galvano¬ 
meter, bringing the la* ter quickly to re»c 
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Ans. In the plug out type, resistance is put in the circuit 
by removing plugs, as in fig. 1,489; in the plug in type, resistance 
is put in the circuit by inserting plugs as in figs. 1,496 and 1,497. 

Testing Sets.—For convenience in testing, a combination of 
the instruments used is put up in a neat and substantial case, 
and known as a testing set. There are innumerable forms of 
testing set, a few of which are shown in the accompanying illus¬ 
trations. The usual combination is a Wheatstone bridge, gal¬ 
vanometer, battery and necessary keys and connections. 

Testing sets usually employ the principle of the Wheatstone bridge» 
because the location of faults is largely a question of resistance or capa¬ 
city measurement, and translation of the measurement into the corre¬ 
sponding di..tance to the point at which the ground, cross or open occurs. 
Fault location, and ordinary field or shop resistance measurement require 
portability and ruggedness in a set, combined with the best possible sen¬ 
sitivity and accuracy. To meet all the requirements is a complex problem 
in design, and care and attention to detail in manufacture is no less im¬ 
portant from the user’s standpoint. 

Ques. Describe the operation of the Queen Acme testing 
set figs. 1,501 and 1,502, in measuring resistance. 

Ans. Connect the terminals of the resistance to be meas¬ 
ured to the line posts C and D. Place the battery connections 
on the two upper tips 0 and 1, thus throwing one end of the 
battery into circuit, which is sufficient until an approximate 


MOTE —The galvanometer is the heart of the testing set, and the purchaser of a sc^ 
should judge as to the merits of the instrument largely on the basis of ruggedness and sensi¬ 
tivity of the galvanometer. 


NOTE .—Galvanometer shunt. In making a measurement with a Wheatstone bridge 
employing a sensitive galvanometer, the operator, if he has no idea of the magnitude of the 
"‘X” resistance, usually starts his measurement with the galvanometer shunted so as to make 
it very insensitive. As he approaches a balance he reduces the shunting in steps until finally 
the galvanometer has maximum sensitivity. The shunting enables him to obtam his results 
with greater certainty and speed. 
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balance is obtained. Employ the 100 ohm coil in each bridge 
arm, and place the commutator plugs in the position PQ, or 
in the position ST. Then remove plugs from the rheostat until 



V iG 1 ,'502 —Connections and circuits of Queen Acme portable testing set There are three 
, ows ot blocks, LL', MM', NN' LL', is connected to NN' by means of a heavy copper bar, 
joining L' and N' LL' and NN', constitute the rheostat, from which any resistance from 
1 ohm to 11 110 ohms may be obtained by removing the proper plugs The block N, of the 
rheostat is connected to the lower line post D The uppier line post C, is connected to the 
block X, of the com lUtator The block C, has no other permanent connection, except 
key G The block R, of the commutator is connected to the block L, of the rheostat, and 
has no other connection, excepting by plugs Each half of MM' constitutes a bridge arm, 
designated A and B, respectively Beginning at the lower line ix>st D, the connections 
form a continuous circuit through the rheostat, thence through the bridge arm B, thence 
through the bridge arm A, thence to the upper line post C The commutator serves merely 
to reverse the bridge arms A and B The battery terminals are connected as shown, the 
positive terminal directly to the common junction of the two bridge arms, and the negative 
termmal through the battery key to the rheostat The positive terminal of the galvano¬ 
meter 18 connected through the galvanometer key with the block X, and the negative terminal 
with the block R, of the commutator, or, what is equivalent, with the block L, of the rheo¬ 
stat The commutator blocks A, B, R and X, are connected by plugs as shown When 
the commutator plugs are in the position PQ, the bridge arm B, is connected to the rheostat 
and the bndge arm A, is connected to the line, the ratio between the bridge arms ratio 
being A -i- B = X -4- R, but when the plugs are in the position ST, the bndge arms are 
reversed in position A, being connected with the rheostat and B, with the line, and the 
bndge arm ratio becomes A B » R X The connections of the testing set may be 
more readily understood from the simplified diagram fig. 1,503. 


















Testing and Testing Apparatus 1,043 


the value of total resistance employed, or nearly as may be 
guessed is equal to that of the unknown resistance. Now press 
the battery key Ba, and holding it down momentarily, press 
the galvanometer key Ga. If the galvanometer needle swing 
to the right toward the symbol + the resistance employed in 
the rheostat is too high, and must be reduced. If the needle 
swing to the left toward —, the resistance employed is too low 
and must be increased. By altering the resistance of the 



Fio. 1,503.—Simplified diagram showing connections of Queen Acme portable testing set. 


rheostat accordingly, a value will soon be found, which when 
varied slightly either way, will reverse the deflection of the 
galvanometer needle. Now remove the battery connection 
from tip 1, and place it on the tip 4, thus throwing the whole 
battery into circuit. Then press the keys again as before, first 
the battery key, then the galvanometer key. This will increase 
the deflection of the galvanometer needle for the same varia¬ 
tion in the rheostat, thus enabling the making of a more accu¬ 
rate adjustment. The measurement thus made will be the 



1,044 


Testing and Testing Apparatus 


best result that can be obtained with bridge arms of equal 
value, but by selecting more suitable values of the two arms 
from the following table of bridge ratios a much higher degree 
of accuracy may be obtained. 


Table Showing the Best Values of Bridge Anus for Measuring any 
Desired Resistance 


Value of Resistance being measured 

Best values of 

Position of 
Commutator 
Plugs as 
shown in 
fig. 582 

■ 

B = 

Below 1.5 ohms. 


1,000 

PQ 

Between 1.5 and 11 ohms.j 

1 

100 

PQ 

“ 11 and 78 ohms.«. 

10 

100 

PQ 

** 78 and 1,100 ohms. 

100 

1,000 

PQ 

** 1,100 and 6,100 ohms. 

100 

100 

PQ or ST 

“ 6,100 and 110,000 ohms .... 

1,000 

100 

ST 

110,000 and 1,110,000 ohms. 

1,000 

10 

ST 

" 1,110,000 and 11,110,000 ohms 

1,000 

1 

ST 


Ques. In testing with the Queen Acme set how should 
the plugs be placed in the commutator? 

Ans. Always make the arm A, the smaller except when the 
two arms are of equal value. 

Ques. If the resistance being measured be higher than 
6,100 ohms, or lower than 1,100 ohms, how should the com¬ 
mutator plugs be placed? 

Ans. If higher than 6,100 ohms, they should be placed in 
the position ST; if lower than 1,100 ohms, in position PQ. 
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When the plugs are placed in the ST, position, the unknown resistance 
IS found by dividing the value of the larger bridge arm by that of the 
smaller, and multiplying the total employed resistance in the rheostat by 
the quotient. When the plugs are placed in the PQ, position, the em¬ 
ploy^ resistance in the rheostat is divided by the quotient. 


Direct Deflection Method with Queen Acme Set.—^To 



Fio. 1,504.—Diagram of the Queen dial decade portable testing set. /fa dimenatont arm 
Ic^, 7^ wide, and 7* deep, and weighs IIH pounds. The resistances are arranged upcm the 
dial decade pUm. being placed in circuit by means of a rotating switch contact. switches 

are so constructed that they may be turned m cither direction, thereby permitting them 
to be turned quickly from the highest resistance in any dial to the lowest resistance in 
aaww dial. This arrangemes t avoids the necessity of turning back through all the re m a in i n g 
lesistanoes in any particular group of coils and is of value in locating swinging crosses or con¬ 
ditions of momentary balances. The connections for the various tests are made by the 
manipulation of one small knife switch (W.B.—^M.L.) and the switch Ba.; these are plainly 
lettered, thus avoiding the necessity of referring to a diagram of connecticms. In construc¬ 
tion, the dial switches are made up of eight laminations of No. 28 B. & S. phosphor bronae, 
and the form is such as to prevent wearing grooves on the top of the contact studs. In 
tiii« instrument the electrical circuits are ^dered throughout excepting the switch con¬ 
tact whose resistance is negligible. The resistances are wou^ with m a ng an in . The battery 
comprises six cells sub-divided which are easily replaceaUci. The galvanometer is the sa me 
as in the Queen Acme set, but has the addition of an Ayrton shunt, which is useful in making 
insulation measurements. The necessary keys, binding posts, and switches are provided 
so as to faciliute the use of the instrument for the various measuremenU that can be made 
with it. 
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measure for instance, insulation resistance by direct deflection 
connect a known high resistance, say 100,000 ohms between 
the line post C (fig. 1,502), and the positive battery post. 
Remove all plugs from the commutator, and place all plugs 
in the rheostat, as any employed resistance in the rheostat wrill 
be in circuit with the galvanometer and the battery. Place the 
battery connection so as to throw only one cell into circuit. 
Now press the keys and obtain a deflection of the galvanometer 
needle. 


For example assume that the needle to be deflected about 8 divisions 
of the scale. Since this deflection is due to the current from one cell passing 



l^iQ 1,505 —Queen portable silver chloride testing battery. The silver chloride cell has the 
advantage of long life, light weight, and compactness. The pressure of each cell when 
n^w IS 8 volt. 
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through a resistance of 100,000 ohms, then 100,000X8= .8 megohm rep¬ 
resents the resistance through which one cell will produce a deflection of 
one division on the scale. Hence, .8 megohm is the constant of the 
galvanometer. 

Now, replace the known high resistance (100,000 ohms) by the im- 
known resistance rfor instance such as a cable) the value of which is to 
be determined. Add enough cells to produce as largf. a deflection of the 
needle as possible. Assume that 75 cells give a deflection of 1.5 scale 
division. Then, the galvanometer constant multiplied by the number of 
cells and the product di voided by the deflection will give the msulation re¬ 
sistance of the cable; or 



Pro. 1,506.—^Leeds and Northrup ohm meter. It conaUta eaaentially of a slide wire Whei«t* 
stone bridge with the scale divided to read in per cent of a fixed resistance value. A galvano¬ 
meter IS mounted on the containing case of each battery and galvanometer keys are pro 
vided. These ohm meters, being slide wire bridges, the greatest accuracy is at the center 
of the scale. Fixed coils^of 1, 10, 100, 1,000 and 10,000 ohms are contained in the instru¬ 
ment with a plug arrangement allowing any one to be used. When a balance is obtained 
the actual resistance is determined by multiplying the dial reading by the value of the fixed 
coil in use. This amoimts simply to shifting the decimal point. For instance, if the lOO 
ohm coil were being used and the pointer were at .875, the resistance would be 87.5 ohms 
Accuracy 1% over the range ^ ohm to 30,000 ohms. 
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.8 megohm X 75 cells=60.0; and 
60.0-5-1.5 =40 megohms 
as the resistance of the cable. 

Fall of Potential Method with Queen Acme Set.—^To com¬ 
pare electromotive forces by this method, place the battery 
connections (fig. 1,502), so as to throw into circuit all the cells, 
taking care not to reverse them by crossing the battery cords. 
Plug the commutator as shown in fig. 1,507, and remove 1,000 
ohms from bridge zirm B. Place all plugs in arm A. 



Fio. 1,507.—Commutator plug setting for comparing electromotive forces by the fall of poten« 
tial method with Queen acme set. 


From the rheostat unplug 5,CKX) ohms. 

Then connect one of the cells being tested, with its posi¬ 
tive terminal to the + battery post and its negative terroinal 
to the line post C. 

When the keys are pressed, the galvanometer needle •will swing eithe? 
to the right or to the left. If it swing toward-f*, reduce the resistance in 
the rheostat; if it swing toward —, add resistance to the rheostat. When 
a value is found wherein a variation of an ohm either way reverses the 
deflection, add to this value the resistance unplugged in arm B, and divide 
the sum by the resistance in arm B. The result ^ves the ratio between the 
voltages of the testing set, battery and cell being tested, respectively. 
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The division is decimal and may be readily accomplished by merely 
pointing off as many places as there are ciphers in the resistance employed 
from aim B. This operation repeated with any number of different cells, 
will give their voltages in terms of the voltage of the testing set battery, 
and from these ratios their relative values may be readily obtained. 

If the testing set battery be replaced by a standard cell, the first meas¬ 
urement gives at once the voltage of the cell tested. 

If the voltage of the cell or battery being tested exceed that of the 
testing set battery, reverse the position of the two batteries, and the sub¬ 
sequent operations, as outlined above, will give the desired results. 


How to Check a Volt Meter with the Qneen Acme Set.— 

In using a set as in fig. 1,501, first remove about 10,000 ohms 
from the rheostat, plug the commutator as shown in fig. 1,507, 
remove 100 ohms from the arm B, of the bridge, and connect 
a standard cell with the positive terminal to the -t- battery 
post and the negative terminal to the line post C. Then, con¬ 
nect the circuit to the battery posts of the testing set the posi¬ 
tive lead to the + post and the negative lead to the — post. 
Now, press both keys and note the direction of the deflection 
of the galvanometer needle. If it move toward -I-, the rheostat 
resistance is too high; if toward —, too low. 

Change the rheostat resistance accordingly until the balance attained 
is such that a very slight variation of the rheostat resistance one way or 
the other will reverse the galvanometer deflection. To find the pressure 
on the circuit, add 100 to rheostat resistance and point off two places. 
Multiply this value by the voltage and the product will be the desired 
voltage. 

If the voltage of the standard cell be exactly one volt, t’.ie total em¬ 
ployed resistance represents the voltage on the circuit. 

For instance, in making a measurement on a 110 volt circuit, assume 
that the employing of 7,840 ohms rheostat resistance produces balance, 
and that increasing or decreasing this resistance by two ohms, reverses 
the galvanometer deflection. This indicates that the setting 7,840 is un¬ 
certain, about ^ of 1 per cent. Since the rheostat coils are adjusted to 
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an accuracy of only of 1 per cent , that will be about the accuracy of 
the measurement. 

If the pressure of the standard cell be 1.018 volts, then 7,840+100- 
7,940. Pointing off two places, gives 79.40, which multiplied by 1.018 
gives 80.82 for the voltage on the circuit. 

To Measure Internal Resistance of Cell with Queen Acme 
Set. —First compare its voltage on open circuit with the press¬ 
ure of the testing set battery. Then, shunt the cell with a 
known resistance, about 100 ohms, and again measure its tei- 
minal voltage. The difference between the two values thus 
obtained, divided by the value of the shunt resistance, will 



Fig. 1,508 —Evershed portable ohm meter set This t sting set consists of a direct reading ohm 
meter which indicates by direct leading the value of the resistance lieing tested, also a 
portable hand dynamo which provides at any required pressure the current necessary to 
make the test. It is adapted to the needs of supply stations, wiring conirattors and dynamo 
builders. It is also useful in testing the insulation of underground and aerial cables, and 
IS designed so that it can be used by ordinary workmen who are not experienced in handling 
delicate instruments and who, by its use, are able to obtain accurate results The dynamo 
IS wound for 100, 200, 500, or 1,000 volts, and is fiUed with spring drum inside the case 
on which IS coiled a twin flexible cord provided with a connector adapted for clamping undei 
the ohm meter terminals. 
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give the value of the current. To find the internal resistance, 
multiply the value of the shunt resistance by the ratio between 
the first and second measured values. 

For instance, assume that the open circuit voltage of the cell being 
tested as compared with the voltage of the testing set battery is .212 of 
the latter, and that when it is shunted with a resistance of 1,000 ohms, 
its terminal voltage is .179. Then, the total resistance is to the 1,000 

.212 

ohms shunt resistance as .212 is to .179 or yj^ Xl,000 = l,184, from 

which deducting the 1,000 ohms shunt resistance, gives 184 ohms as the 
internal resistance of the cell. 

Ammeter Test with Queen Acme Set.—Connect a low re¬ 
sistance in series with the ammeter and run leads from it to 
the testing set, the positive lead to the -|- battery post and the 
negative lead to the line post C, (fig. 1,502). Insert a standard 
cell between the battery posts, with positive terminal to + 
battery post, and negative terminal to — battery post. Plug 
commutator as shown in fig. 1,507. Remove 10,000 ohms from 
rheostat, and 100 ohms from bridge arm B. Determine a bal¬ 
ance in the usual way by changing the value of the resistance 
in the rheostat. This operation will balance the difference of 
pressure at the terminals of the shimt resistance against the 
standard cell, and its value is equal to 

1.40X100 140 

R+lOO ~R+100 

To determine the current flowing, divide the value of the 
difference of pressure thus obtained by the value of the shunt 
resistance. 

Loop Test.—This is a method of locating a fault in a tele¬ 
graph or telephone circuit when there is a good wire nmnin^ 
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parallel with the defective one. In the process, the good and 
bad wires are joined at their distant ends and one terminal of 
the battery is connected to a Wheatstone bridge, while the 
other terminal is grounded. There are several ways of making 
loop tests as by: 

1. The Murray loop; 

2. The Varley loop. 

These tests are the ones most frequently used. Some other loop methods 
and vanous modifications of these tests have been worked out to meet spo- 
dfic requirements. 

The Murray Loop.—In this test only one of the two regular 
bridge arms is used, the other being replaced by the rheostat 
giving an arm of large adjustment. 


NOTE —Fault location .—The fundamental prmciplcs of fault location are quite simple 
and are easily understood In many cases their application is equally simple In other cases, 
the conditions are comi^icated by a network of wires, by pecuiianties of the faults and other 
causes However, the very great majonty of faults can be located successfully by experienced 
testers with proper apparatus To insure success, the tester should have a clear conception of 
the fundamental principles and an accurate knowledge of line conditons This knowledge and 
careful practice with reliable testing apparatus will soon give one the skill, judgment and con¬ 
fidence which will enable one to locate the most puzzhng faults. 

NOTE —Grounda and croaaea in land lines and short submanne cables are practically 
all located by the so called methods These are particular cases of the Wheatstone bridge and 
must all satisfy the Wheatstone bridge conditions When four resistances are grouped and a 
battery and galvanometer form part of the circuit as sho^vn, the combination is called a Wheat¬ 
stone bridge Th^ resistances are to be understood individually as the total resistance from a 
battery connection to the next galvai.ometer connection The resistances are called the bridge 
arms. It is important to remember this as mistakes are frequently made due to the unmten- 
tioni.1 introduction of lead or contact resistances into one or more of the bridge arms, which 
are overlooked in the subsequent calculations The conditions for a balance will be precisely 
the same if the positions of the galvanometer and battery be interchanged. 

NOTE.— 7'he Murray loop. The loop tests are so called because the faulty wire is always 
connected at its distant end with a good wire and the two in combination make the loop. The 
loop IB divided into two parts by the fault. In the Murray loop arrangement, these two parU 
of the loop are two arms of the Wheatstone bridge, the other two arms of which are ma^ un 
111 the testing apparatus. 
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The connections are shown in fig. 1,513. In making the test, close key 
and note the deflection of the needle due to pressure of chemical action 
at fault, if any. This is called the false zero. 

Now apply the positive or negative pole of the battery by depressing 
the battery key, and balance to the false zero previously obtained by 
varying the resistance in arms A or R. Then by Wheatstone bridge for¬ 
mula: RX=AY, and L = X-fY; Y=L-X, whence 


X = 


R-fA 


Y = 


r+a' 



of the bridge is used in place of the second arm to permit large adjustment. X and Y, are 
the resistances of the cable between the fault and the points 1 and 2 respectively. 


Ques. How may the distance from 2, to the fault be de« 
termined in knots or miles? 

Ans. Divide Y, by resistance per knot or mile. 

The Varley Loop.—This is a method of locating a cross or 
ground in a telephone or telegraph line or other cable by using 
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a Wheatstone bridge in a loop formed of a good wire and the 
faulty wire joined at their distant ends. One terminal of the 
battery is grounded and the other connected to a point on the 
bridge at the junction of the ratio arms. The rheostat arm 
then includes the resistance of the rheostat plus the resistance 
of the fault, while the imknown arm includes the resistance of 
the good wire plus the resistance of the bad wire beyond the 



Fiq. 1,514.—The Varley lcK)p test. The diagram shows the various connections. X and Y are 
the resistances of the cable between the fault and the ^ oints 1 and 2 respectively. L» is the 
resistance of the good and bad cable or X + Y. 


fault. When the bridge is balanced, the unknown resistances 
may be readily determined by a simple equation. 

In making the Varley loop test, the resistance of looped cable or con¬ 
ductors is measured„and then connected as in fig. 1,514. Close the battery 
key and adjust R, for balance. 

When earth current is present, the best results are obtained when the 
fault is cleared by the negative pole, and just before it begins to polarize. 

X, be the resistance from 2, to the fault, then 
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L-R 

2 

also. X, divided by the resistance of the cable or conductor per knot or 
mile gives the distance of fault in knots, or miles. 

When the resistance of the good wire used to form a loop with the de¬ 
fective wire, together with that portion of the defective wire from the 
joint to the fault, is less than the resistance of the defective wire from 



Flos. 1,515 and 1,516.—Special l(x>p test with Lee Js and Norlhrup fault finder. For the first 
measurement connect the faulty wire to 2, either of the good wires, as Z, to 1, the piost 
Gr. to ground, and short circuit the coils R, and E, by closing swiIcIk's U, and V, as in 
the figuies. Balance in the us lal way and call the dial reading A. For the second measure¬ 
ment, connect the jxist C-r. (disconnected from ground), to the other good wire y, as shown 
in tigs. 1,517 and l,r>lK, and get another balance; call this reading A'. The distance d, 
to the fault is determined from the simple formula d =AL. -t-A', where L, is the leng^ of 
the cable or faulty wire. 


the testing station to the fault, the resistance R, must be inserted be¬ 
tween point 1, and the good conductor, the defective wire being connected 
directly to point. The formula in this case is 

Special Loop.—^This method may be used to advantage 
where the length of the cable or faulty wire only is known and 




Testing and Testing Apparatus 


1,057 


where there are two other wires which may be used to complete 
the loop. It is not necessary that the resistance of the faulty 
wire and the length and resistance of the other wires be known. 
Figs. 1,515 to 1,518 show the connections and method of 
testing. 

Example ,—All the wires in a cable 10,852 ft. long were found to be 
grounded so that none of them could be used as good wires. Two wires 
were selected out of another cable going to the same place by a different 



Fios. 1,517 and 1,518.—Special loop test as made with the Leeds and Northrup fault finder. 
Diagram showing connections for the second measurement. The si^ecial loop test may be 
used to advantage where the length of the cable or faulty wire only is known, and where 
there are two other wires which may be used to complete the loop. To u.,e an outside )at- 
tery, connect one pole to l>a, ami ground the other. The pressure of tliis battery must 
never exceed 110 volts; if it Ije over 25 volts, see that switch W, is open. 


route and securely joined to one of the grounded wires at the distant end. 
This grounded wire and one of the good ones were connected as shown 
in figs. 1,515 and 1,516 and the reading A, was found to be 307. Con¬ 
nections were then made as shown in figs. 1,517 and 1,518 and A, was 
found to be 610. What is the value of d? 


According to formula 



307X10,853 


-=5,461 ft. 


610 





1,058 


Testing and Testing Apparatus 


Directions for Operating Leeds and Northrup (Type T) Testing 
Set.—The following instructions will be found helpful in the 
use of this set, which is designed specially for locating faults 
in telephone, telegraph and other electrical transmission lines; 
also, for any measurements within ordinary Wheatstone 
bridge range. 

Resistance Measurements ^—Connect unknown resistance to posts XI 
and X2, and place the switch at the back of the set in the position marked 
RESISTANCE. The internal battery is connected by placing the small 



Fio. 1,519.—Leeds and Noithrup {ypc T, testing set. It is provided with the necessary con¬ 
nections for making resistance measurements, and for locating faults by the Murray and 
Varicy loop metluxls. 'J he addition of a simple buzzer and telephone receiver permits the 
location ol oiien^ as well a single three-way switcn, of the type used on telephone switchboards 
makes poss.ble, with a single motion, immediate connections for resistance, or Murray loop, 
or Varley loop tests. The switch replaces t!ie two single i»le, double throw switches ordi¬ 
narily Use I on testing sets. Provision is ma ’e for connection of an external battery and galvano¬ 
meter in the relatively few instances where this may be necessary; and, without changing 
connections, either internal or external battery or galvanometer may be used. Protective 
resistances in both internal and external battery circuits guard against bum-outs or over¬ 
heating of the adjusted coils in the set. 
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switch in the front of the set in the position marked IN. The internal 
galvanometer is connected by placing the small switch near the galvan^ 
meter in the position marked IN. Select the required ratio on the ratio 
dial and vary the rheostat dials until a balance is obtained. 

The best ratio setting for various resistances is shown in the following 
table: 


VARLEf 



Pio. 1,520.—Connection diagram for making resistance measurement with Leeds and Northrop 
type T. testing set. 


Ratio dial 


Unknown resistance setting 

Below 10 ohms. .001 

10 ohms to 100 ohms.01 

100 ohms to 1,000 ohms.1 

1,000 ohms to 10,000 ohms. 1. 

10,000 ohms to 100,000 ohms. 10. 

100,000 ohms to 1,000,000 ohms. 100. 

1.000.000 ohms to 10.000.000 ohms.1000. 
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The resisvance under test is determined from the following formula: 
X-AR 

Where X=resistance under test.(1) 

A=ratio dial setting 
R == rheostat setting 

Murray Loop Test ,—In testing for fault location in cables in the 
case of a ground, join the faulty and good wires at the distant end of the 
cable. Connect the faulty wire to XI, as in fig. 1,521 and the good wire 
to X2. Measure total resistance of the loop and call this r. 



Connect post Gr, to ground, or if the fault be a cross, connect one of 
the crossed wires to the Gr, post and at the distant end of the cable join 
the other crossed wire to a wire that is known to be good. Set ratio switch 
on Ml,000, which places 1,000 ohms in circuit for the bridge arm or A, in 
the formula. Place the switch at the back of the set in the position marked 
“Murray.'' Vary rheostat until a balance is obtained. 
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If a satisfactory balance can not be obtained with ratio switch set at 
Ml,000, then set for MlOO or MIO. 

Letting r=resistance of loop 
a=resistance to fault 
R - rheostat reading 
A=ratio dial setting 

-aTr.® 


If L=length of one of the two wires wliich are assumed equal since a 
and r are proportional to the lengths, the distance to the fault becomes 


2LA 

A+R 


(3) 


If a balance can not be obtained after using all settings down to and 


Including MIO, it indicates that the fault is at a point of less than 


from XL 


In such cases locations can be made to 


1 

11,000 


r as follows: 


With connections made as before set the ratio dial on the point marked 
rOOl and use the formula 


R+LOOO 


or 


2L 


R+LOOO 


In most cases a check test can be applied by connecting the faulty wire 
to X2 and the good one to XL and then varying the rheostat until a balance 
is obtained. Letting A' and R'=nsw values of A and R, 


Then 


a' = 


R'r 

A'+R'’ 


...(4) 


and 


2LR 

A^+R' 


(5) 


If the tests be made on a loop of wire, of which the total length only is 
known, then this length must be substituted for L, and the 2, removed from 
the numerators of the above formulae. One end of the loop should be 
tagged, and when this end is connected to XI, formula (3) will give the dis¬ 
tance to the fault from that end, and formula (5) will give its distance 
from X2, when the tagged end is connected to that post. When dealing with 
faults of high resistance 50 or more cells of battery mav hav€» to be used. 
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Example *—The total resistance of a loop, one wire of which was faulty, was found to 
be 290 ohms. With ratio dial set at Ml .000 a balance was obtained with 1,900 in the rheostat. 
Using formula (2) the resistance to the fault from post XI is 


1,000 X 290 
1,000+1,900 


100 ohms 


In the above example the length of one of the two wires is 8,995 feet. The distance to 
Che fault from post X2 using formula (3), is 


d 


2 (8,995X1.000) 
1.000 + 1.900 


«= 6,203.4 ft. 



The circuit in fig. 1,521 consists of No. 22 B. & S. copper wire which has a resistance of .01612 
crtim per foot The results obtained by formulae (2) and (3) should check, or 6,203.4 feet the 
distance to the fault by (3) multiplied by .01612 equals 100 ohms, or the resistance to the 
fault by (2). 

Varley Loop Test .—In testing for fault location in cables, in the case 
of a ground join the faulty and good wires at the distant end of the cable; 
connect the faulty wire to X2, and the good wire to XI. Measure the total 
resistance of the loop and call this r. Connect post Gr, to ground. Or if 
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the fault be a cross, connect one of the crossed wires to the Gr, post and at 
the distant end of the cable join the other crossed wire to a wire that is 
known to be good. By placing the ratio dial switch on .1, .01, or .001 a 
ratio of 1 : 10, 1 :100 or 1; 1000 is obtained. If r, be over ICK) ohms, use .1; 
if less than 100 ohms, u^e .01. Place the switch at the back of the set in 
the position marked VARLEY. Vary the rheostat until a balance is ob¬ 
tained. 

r = total resistance of loop 
a = resistance to the fault 
A == ratio dial reading 
R == rheostat reading 




^lo. 1 —Diagram of apparatus for measuring low resistances based on the principle of the 

Kelvin double bridge In the diagram A3, repreoents a heavy piece of resistance metal of 
uniform cross section an 1 urn'orm resistance per unit of length, CD, i-> another piece of 
resistance metal of smaller crooa section, ani the t vo a.e joined together by a heavy cop¬ 
per bar, AC, into vhich both a”e silver solv’e*'ed, LL, are the current terminals and PP, 
are the pressure terminals T le re^utance of A3, between the marks 0 ani 109. on the 
scale S, u 0 )1 ohm Fuom the pn» it 1 on the reactance CD, to 0, on A3, is also 001 ohm, 
from 2 to 0 IS 0 )3 ani sn on, an 1 from 0 to l')D is 01 ohm The sii Icr M, moves along the 
resistance A3, ani its poation is reai on the sca’e S, which is divided into 1(X) e ^uai parts 
and can be reai by a vernier to thousandths. Subdivided m this way the resistance between 
the top off -Hjints PP, may have any value from .001 to .01 ohms by stepis Oi .000001 ohm 


Then 


r-AR 
^ A-fl 


( 6 ) 


In most cases a check' test can be applied by connecting the faulty wire to 
XI, and the good wire to X2, and then varying the rheostat until a balance 
is obtained. It may be necessary to place the ratio dial switch on a different 
setting than that used for formula (6). Let R'=new value of R 
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Fta. 1,524.—Kelvin bridt^e. This includes a low resistance standard of .1 ohm variable by steps 
of .00001 ohm, a set of ratio coils, and a holder for rods or wires to be mea5>urcd, with a 
scale to measure their length. It is also provided with heavy flcxibles to be used in meas¬ 
uring the resistances of irregularly shaped pieces. The connections aie clearly shown in the 
diagram. The range of measurements of tins bridge is: 1 ohm to .1 ohm by steps of 001 
ohm readily estimated to .0001, .1 to .01 ohm by steps of .0(X)1 olim readily estimated to 
.00001; .01 ohm to .001 ohm by stci>& of .00001 ohm, readily estimated to .000001; .001 
ohm down by steps of .00001 ohm, readily estimated to .0(XX)01 ohm. 



Fio. 1,525.—^Kelvin bridge ohm meter for measuring low resistance. It is similar in con¬ 
struction to the familiar Wheatstone bridge type ohm meter. Accuracf/: 2% between .000) 
ohm and 11 ohms; Galvanometer: sensitivity 1. megohm, resistance 40 ohms; General: 
five ranges. Self amtained No. 6 dry cell battery. 
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Then a'-= .(7) 

A+1 

The distance to the fault can be obtained 
from the formula: 

d =cL.(8) ord' = -^L.(9) 

b b 

in which a and a'= the resistances to the 
fault by formulae (6) and (7) respectively, b 
= the resistance to the faulty wire = 3^ the 
resistance of the loop where good and bad 
wires are of the same size and are in the same 
cable and L = the length of the cable. 


Example ,—The total resistance of a loop, one 
wire of which was faulty was found to be 290 ohms. 
The ratio dial switch was placed at .1, and a balance 
obtained with a rheostat setting of 1,910. The 
resistance to the fault from post X2, using formula 
(6). is 


a 


290 - .1 X 1>910 
.1 + 1 


90 ohms. 


For a check test a balance was obtained with a 
rheostat setting of 700. 

Using formula (7) the resistance to the fault 
from ix>st XI, is 


a 


.1 (290 4- 700) 
.1 + 1 


90 ohms 


NOTE .—Poor Connect lone. It is of primary 
importance that good electrical connections be madd 
throughout the circuit. If one is to rely upon an in¬ 
experienced assistant for making joints and connec¬ 
tions on poles and elsewhere, much annoyance may be 
experienced. Resistance caused by poor connections 
in the loop circuit will enter directly as an error in the 
location, if, for instance, the assistant does not make 
a good connection in joining the faulty to the good 
wire but introduces a resistance of }4 ohm, where the 
wire is No. 22 B. & S. copper, the location will be 
about 16 feet in error. Experience will teach one, 
however, to detect in most cases improper and poor 
connections by the use of the check methods, or by 
duplicating some of the tests. 
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Location of Opens ,—Disconnect the galvanometer and battery by turn¬ 
ing the respective switches to the position marked OUT. Connect a tele¬ 
phone receiver to the Ga, posts and a source alternating current such 
as produced by a “tone test" or buzzer to the Ba, posts. The buzzer should 
be placed as far as possible from the testing set so that its noise will not 
be heard by the operator. 

Set the ratio switch on Ml,000, which places 1,000 ohms in the bridge 
arm circuit and place the switch at the back of the set in the position 



marked MURRAY. The telephone can be permanently closed by means 
of the lock-down key in its circuit, by turning the arrow stamp)ed upon 
its top away from the operator when in front of the testing set. The key 
in tile buzzer circuit cannot be permanently closed. If a receiver with a 
head band be used, the operator's hands will be free to close the buzzer 
key and manipulate the rheostat. 

Connect the open wire to post X2, and a good wire of any other pair in 
the same cable to XI. Connect the mates of the wires used for posts X2. 
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and XI, to the post Gr, but do not ground. The connections will then be 
as indicated in fig. 1,527, in which d is the broken conductor and c, its 
mate, a and b, are the wires of any other pair in the cable. All wires must 
be free from grounds and crosses. 

Vary the rheostat until a balance is obtained. 

Letting R = rheostat reading 

L = length of cable in feet 
d = distance to the open in feet 
A = ratio dial setting 



Fig. 1.5?8.—Queen wireless test set or inductive fault finder. This cable test set used for 
k>cating crosses, grounds, split pairs, etc., by means of an exploring coil. This set may be 
regarded as a vernier to the location made with a Wheatstone bridge. Its results depend 
upon sound and does not involve any mathematical formula It is also arranged to give a 
trouble tone 


Then . 

If a balance cannot be obtained with ratio dial set at Ml.000 then set 
for MlOO or MIO and substitute said values of 100 or 10 for A, in the 
formula. If a balance cannot be obtained after using all settings down to 
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and including MIO, it indicates that the open is less than .001 of the length 
of the cable from X2. In such cases set the ratio dial on .001 and use the 
formula 


R-f 1,000 

In this way location can be made to of the length of the cable. 

Balance in the Telephone .—The bridge is balanced when the point is 



found where the noise in the telephone is least. The procedure is to place 
all the dials in the rheostat at nine and successively rotate the thousands, 
hundreds, tens and units dials finding a position where the sound in the 
telephone is a minimum. 

Example ,—^An open wire in a cable 5,280 feet long was connected as shown in fig. 1,527. 
A balance was obtained with the ratio switch at Ml,000 and a dial setting in the rheostat of 
1,320 ohms. The distance to the opeii from post XI, using formula UO). is 

1,000 X 5.280 
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Tests of Telegraph and Other Multiple Cables, —In cables of this 
class, in which the wires are not grouped in pairs, instead of balancing the 
capacity of the open wire to its mate against that of a good wire and its 
mate, as in the foregoing test, the relative capacities to ground of an open 
wire and a good wire are balanced. 

The connections differ only in the use of two wires instead of two pairs 
and in grounding. 

The switch is placed, as described for location of opens in telephone 
cables. Connect the open wire to the post X2, and a good wire in the same 
cable to the post XI. If possible all the other wires should be grounded to 
the sheath of the cable as well as the section beyond the break. Connect 
the post Gr, to groimd, as in fig. 1,529. 

Let R == rheostat reading 

L = length of cable in feet 
d = distance to the open in feet 
A = ratio dial reading 

Then . ( 11 ) 

R 

If a balance-cannot be obtained after using all settings down to and 
including MIO, then use the .001 ratio setting and the formula 


R 4-1,000 

as in the case of the telephone cable. 

Method of Picking Out a Grounded Wire. —Set the ratio dial on 
Ml,000, and the switch at the back of the set for the Varley loop. 

Connect Gr, posts to ground or cable sheath and connect the wires in the 
cable one after the other, to post XI. The faulty wire will be detected by 
a strong deflection of the galvanometer needle when the battery and gal¬ 
vanometer keys are closed. The galvanometer is sufficiently sensitive to 
give a readable deflection for 1 volt through 1 megohm and hence a very 
high resistance ground or fault can be detected. 

To Use as a Resistance Box. —Connect to binding posts X2 and R. 
When using the rheostat separately the position of the switch is im¬ 
material. 

To Use Galvanometer in Series with Battery. —Connect to binding 
posts Grand XI, set the ratio dial on Ml ,000, the switch for Varley loop. 
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The galvanometer is deflected by closing the battery and galvanometer 
keys. 

To Use Outside Battery .—Connect battery in at Ba, posts, having 
disconnected the contained battery by setting t’le BA, switch on OUT. 

To Use Outside Galvanometer .—Connect outside galvanometer to 
the Ga, posts, having disconnected the contained galvanometer by setting 
the Ga, switch on OUT. 


Notes on the Varley Test.—This test is extremely useful, 
particularly on multiplied telephone cables. By multiplied, 



Fia. 1,530.—Diagram illustrating the term multiplied to accompany notes on the Varley test. 


one is to understand that the same pair of wires is tapped into 
a number of different terminals, as shown in fig. 1,530. This 
pair is multiplied at four points. A, B, C and D. When the 
arms of the Wheatstone bridge are made even in the Varley 
test, the formula R = r —2a means that the resistance in the 
rheostat when balance is obtained is equivalent to that of 
both sides of the pair from the end where the helper makes 
his connection, to the fault. It is an easy matter for the tester 
to memorize the constants for the number of feet per ohm of 
the three or four most common sizes of wire used for telephone 
cables. 
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Knowing the gauge of the wire it is merely necessary to multiply one- 
half the number of feet per ohm of that size wire by the rheostat reading 
in order to get the distance to the fault in feet. 

The application of this to multiplied cable may be readily shown. As¬ 
sume a fault at X. The tester is at Ex, and the helper connects the two 
wires together, say at C. The Varley test then gives the onms back from 
C, to the apparent location of the fault (in this case at N, where the pair 
to B, is tapped on the main cable). Having the resistance from C to N, a 
rough calculation involving feet per ohm multiplied by Varley reading 
gives the distance from C, to the apparent fault. 



From the cable diagram this distance can be read which should be about 
that between C and N. The connection at C, is then removed and replaced 
on the same pair at B, and the above process repeated. 

In order not to be misled by the variation in resistance due to changes 
in temperature, it is well for the tester to measure some known length 
once each week or two and divide distances by resistance to obtain the 
proper constant. That this is quite important may be understood from 
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the fact that for underground cable the constants will vary 10% between 
summer and winter temperatures. 

In cases where there are cables of two different gauges spliced together 
it is easy to figure out the location without making any gauge correction. 
For instance, consider the case where a pair of wires of one gauge is at¬ 
tached to another pair of equal length but different gauge, the total loop 
resistance being, say, 40 ohms and the Varley test showing a balance at 
10 ohms with equal bridge arms. This would mean that the fault was 5 
ohms from the far end. Knowing the two gauges one can estimate mentally 
if this amount of resistance will carry the location beyond the junction 





Figs. 1,532 to 1,534. —Queen wireless test set or inductive fault finder; diagrams of oonnec* 
tions for use. 


point of the two sizes. If not, then multiply by the constant for the gauge 
wire on the far end, which will give directly the distance from that end 
to the fault. 

In any case where the balancing resistance carries the location into the 
section nearest the'locator, then instead of multiplying the constant by 
the rheostat reading, subtract this reading from the total loop resistance 
and multiply the difference by the constant for the gauge wire nearer 
to the tester. This method is lengthy of explanation but when once one 
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The formula R-r—2a is the universal Varley formula for equal bridge 
arms. Knowing the gauge of the bad wire it is possible to obtain the 
location by solving for a. 

When a good wire of large size is used and the fault is near the far end 
of the smaller wire it sometimes happens that a balance cannot be ob¬ 
tained with the bad wire in series with the rheostat. In these cases it is 
necessary to reverse the wires on their respective binding posts. Then 
balance as usual and use the formula with R, negative or ~R=r—2a. 



V'lG. ’ ,5 6.— Queen ground resislance tester; diagram of connections. Directions for operating. 
Connect permanent ground and one of the test grounds to line posts 1 and 2. Connect 
receiver to posts “TEL.” Close PA, key by depressing and turning turn to close perman^ 
ently or without turning it can be tapi^ed. Adjust rheostat slide K, unit until no sound ia 
heard in ilte rc. eiver. The scale reading is the resistance between the two grounds. Make 
the same tc‘:t using the other test ground and permanent ground, and then again using the 
two test grounds. Add the three readings and divide by 2 and subtract the reading taken 
between the two test grounds and this will be the resistance of the piermancnt ground. To use 
external battery place switch at “out” and connect battery to posts “BA.” 


The above described loop methods, the Murrav and Varley, are the ones 
most frequently used. Some other loop methods and various modifica¬ 
tions of these tests have been worked out to meet specific requirements. 

The Potentiometer.—For the rapid and accurate measure- 
ment of voltage, current, and resistance, the potentiometer can 
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Fig. 1,537.—Queen ground reaistanci- tester; simplified diagram. 
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Fig. 1.538.—Queen ground resistance tester: theoretical diagram. 
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be recommended. Those in charge of electric light and power 
companies, and also those who purchase large amounts of elec¬ 
trical energy are realizing, more and more, the necessity of 
having satisfactory primary standards with which to check 
their volt, ampere-, and watt-meters. 

When it is realized that zm error of oije per cent, in a ccan* 



Fio. 1,539.—Leeds and Northrup Type K Potentiometer. It has no internal resistance which 
gives high sensitivity. There are no contact resistances in the potentiometer circuit proper. 
The Icist one tenth volt is covered by a slide wire which facilitates following a fluctuating 
voltage. The current flowing through the potentiometer may be checked without disturb¬ 
ing the dial or slide wire setting. When used with any cadmium cell the potentiometer is 
direct reading, requiring neither calculations nor corrections. The construction of the instru* 
ment is t’uther shown in the diagram fig. 1,540. 


mercial instrument means an error of one dollar one way or 
the other in every one himdred dollars charged, the need of 
such standardization apparatus becomes at once apparent. 

The potentiometer, it should be noted, relies for its accuracy 
only upon the constancy and accuracy of resistances and upon 
standard cells. 








Testing and Testing Apparatus 


1,077 


The instrument consists of an arrangement of carefully stand¬ 
ardized resistances for measuring voltages in compauison with 
a standard cell. It is used for accurate measurement of voltages, 
currents and resistances. 

In place of a series of standardized resistances, a slide wire may be 
used as in fig. 1,540. 

With the materials now available, and the skill which has been acquired 
in their manufacture, both the resistances and the standard cells are 



Fig. 1,540.—Diagram showing connections of Leeds and Northnip type K, potentiometer. 
The easential part of the instrument consists of 15 live ohm coils AD, adjusted to equality 
with a high degree of accuracy, connected in series and having in series with them a slide 
wire DB, the resistance of which from 0 to 1,000 on its scale (the entire scale extending from 
0 to 1,100) is also five ohms. A contact point M, makes contact between any two of the five 
ohm coils, and a contact point M^ makes contact at any point on the slide wire DB. Cur¬ 
rent from the battery W, flows through these resistances, and by means of the regulating 
rheostat P, it is adjusted to exactly one fiftieth of an ampere. Consequently the fall of 
potential across any one of the coils AD, is .1 volt and that across the slide wire DB, is .11 
volt. By placing the contact point M', at zero, and moving the contact M, the fall of potential 
between M and M', may be varied by steps of .1 volt, from 0 to 1.5 volts. By moving the 
contact point M'. along the w.ire. the fall of potential between M and M^ may be varied m 
inflnitesimai steps. 
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obtainable which are remarkably constant, and both can be readily checked 
for accuracy. 

The potentiometer is essentially an instrument for comparing differences 
of px>tential and the various designs differ in the method of dividing the 
potential drop into decimal steps. Such instruments have either high or 
low resistance circuits, and while each possesses inherent advantages it 
also presents disadvantages. 

The high resistance potentiometer requires a very small amount of cur¬ 
rent so that a long series of measurements can be made without the neces¬ 
sity cf readjusting the current in the potentiometer circuit. It, however. 



—O + BA 


Flo. 1,541.—Regulating rheostat of Leeds andNorthrup type K, potentiometer. This is P, of 
fig. 1,510. The actual connections are shown in fig. 1,541. This rheostat is mounted in the 
right hand end of the potentiometer. Rough adjustment is made by R, an 1 fine adjustment 
by manipulating R'. The 23 ohm resistance of the latter dial is shunted by a resistance of 
6.1 ohms, making possible very fine regulation. On the fine adjustment dial there is, m 
series with the contact, a fixed resistance of 400 ohms, which makes negligible the effect of 
possible variable contact resistance. 


involves a larger number of switches for manipulation to establish a bal¬ 
ance and is therefore not so convenient to manipulate in addition to its 
higher cost. 

In low resistance potentiometers the current required is larger and varia¬ 
tion in resistance, especially of the battery, will vary the current to an ap¬ 
preciable extent, thereby necessitating more frequent adjustment of the 
regulating rheostat and consequent repeated checking against the standard 
cell to insure the correctness of the E.M.F. under test The low resistance 
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type eliminates the use of contacts directly in the potentiometer circuit, 
thereby confining it to the use of only one series of resistances and a slide 
wire. It has the advantage of greater convenience of manipulation as com¬ 
pared with the high resistance potentiometer. In the design of low resis¬ 
tance potentiometers a slide wire is used for the final setting. Heretofore, 



Fio 1,542.—Diagram of the Crompton potentiometer. In this instrument the resistance con 
sists of tourteen coils, each of 10 ohms, in senes with a straight wire, also 10 ohms resistance, 
thus forming a system of fi teen equal steps. Across the whole a pressure of 1 5 volt i% 
applied from a secondary cell, th^s providing 10 volt per step. Any fraction is then tapped 
off by m ans of a radial switch on the resistance coils and a sliding contact on the wire. 
The standardization is performed by adjusting a reaistance in series with the whole until 
the standard cell employed indicates, by means of the galvanometer G, a balance at the point 
which represents its electromotive force on the basis given above. 



1 543 —Queen-Gray sUndard potentiometer intermediate resistance type circuit. This 
instrument has a total resistance sufficiently high to permit the use of a switch in the main 
circuit without error and low enough to enable a slide wire of only one turn to be used for the 
last setting. 
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it has been the prS:tice to use a slide wire of ten or eleven turns in order to 
make use of a wire of suitable size for mechanical strength and also to have 
the requisite length to accurately sub-divide the potential in the wire to a 
fraction of a milli-volt. The use of such a long wire necessitates the mov¬ 
ing of its contact through ten or eleven turns. 



Fig. 1,544.—Complete diagram of connectors of Queen-Gray standard potentiometer. The 
main potentiometer circuit consists of 17 fifty ohm. coils in the “tenths” switch, 10 five ohm 
coils in the "hundredths” switch (interm.ediate switch) and the 5 ohm "slide wire.” The cur¬ 
rent to operate this potentiometer is .002 ampere, therefore the fall of potential over each 
50 ohm coil v ill be .1 volt, for each 5 ohm coil .01 volt and for the entire slide .01 volt. The. 
slide wire is divided into 200 parts and consequently a single division is e juivalent to .00005 
volt. The single division can be easily estimated to .2 thereby reading to .00001 volt which 
can be further reduced .1 or .000001 volt by means of ? shunt coil. It is thus noted that 
means are provided for an adjustable potential from .000001 volt to 1.7 volts which can be 
extended to 17 volts when .02 ampere is made to flow through the polentiomete-. 

The intermediate resistance potentiometer is a type having resistance 
intermediately between the high and low resistance types. 

The Potentiometer Principle.—Familiarity with the prin- 
dples underlying any measuring instrument is valuable to the 
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user or prospective user of the device; for not only does it 
enable him to secure his results more quickly and accurately, 
but it also gives him confidence in the results of his work. 

A potentiometer is a device for measuring potential differ^ 
ences by either totally or partly balancing the unknown against a 



Fic. 1,545.—Simplified diagram of connections of Queen-Gray standard potentiometer. The 
instrument is arranged so that its settings may be reduced .1, thereby reading to .0000001 
volt. This is accomplished by shunting the mi.in potentiometer circuit with the “shunt 
coil” shown in the diagram, so that the combined resistances will be exactly .1 of the xm- 
shunted potentiometer circuit. Therefore the fall of potential across all the resistances will 
be .1 of their nominal values. The switch when placed at .1 (see upper right of fig. 1,544) 
not only places the “shunt coil" in circuit, but also adds to the circuit a resistance of such 
value that the total resistance of the entire potentiometer circuit is the same, otherwise .002 
ampere would not flow and the fall of potential across each piart of the potentiometer would 
not be exactly .1 of its nominal value. Placing the switch at position 1, disconnects the 
“shunt coil” and short circuits the ballast resistance B.R. thus setting the potentiometer 
for normal use. 


variable potential difference, the value of which is known by refer¬ 
ence to a standard of electromotive force. 

If the two potential differences be exactly balanced, we have the usual 
“nuir* potentiometer; if partly balanced, the indicating instrument (gal¬ 
vanometer) gives a measure of their difference, and we have a deflection 
potentiometer. 
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As an aid in comprehending the principles involved in any 
potentiometer, an analogy is useful. 

In fig. 1,546, let OB, represent a section of a pipe carrying a current 
of water. Between the points M and M', a pressure difference exists, 
which, other things remaining unchanged, will increase with the distance 
between the points in question, the higher pressure being at M. If the 
pipe be tapped at M and M', and a branch pipe MPM' attached, a current 
flows, as indicated, and the current results from the pressure difference. 




Pigs. 1,546 and 1,547.—Hydraulic analogy illustrating pressure difference. 


Pressure difference in hydraulics is analogous to potential 
difference in electricity. A current flows in a conductor only 
when a potential difference exists. 


If, in the preceding paragraph but one, the terms "conductor,” "elec¬ 
tricity,” and "potential difference” be substitut&i, respectively for 
"pipe,” "water” and "pressure difference” and refereice is made to fig. 






Testing and Testing Apparatus 


1,083 


1,547 instead of 1,546, the same statements hold true without modifica¬ 
tion. The paragraph referred to will then read: Let OB, represent a section 
of a conductor carrying a current of electricity. 

Between the points M and M', a potential difference exists, which, 
other things remaining unchanged, will increase with the distance 
Vtween the points in question, the higher potential being at M. If the 
conductor be tapped (contact made) at M and M', and a branch conductor 
MPM', attached, a current flows, as indicated, and the current results 
from the potential difference. 

Referring next to fig. 1,548, a rotary pump may be inserted 




1,548 and 1,549.—Hydraulic analogy illustrating maintenance of pressure lifferenc# 
between N and P. 


in branch MPM', rotating in the direction indicated by the 
?rrow. 

By the action of the pump, a pressure difference can be maintained 
between N and P, with the higher pressure at N. It is easy to conceive 
of the pump being driven at constant speed, so as to maintain a steady 
pressure difference; and to imagine such strength of current in OB, that the 
pump exactly balances the pressure difference between M and M'. In 
this case, no current could flow through the branch MPM', because the 
fendenev to flow in one direction would be exactly neutralized by the 
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tendency to flow in the opposite direction; and this absence of current 
could be shown by some kind of flow indicating instrument inserted in the 
branch. 

With the same substitution of terms as before, the identical 
reasoning applies to fig. 1,549. 

Here a battery is represented as the source of potential difference an¬ 
alogous to the pump as the source of pressure difference. With these pre¬ 
liminary ideas, we proceed to a consideration of electrical circuits only. 

In the diagram fig. 1,550, the cell W, which may be an or- 

R 



Fio. 1,550.—^Elementary potent^meter circuit illustrating condition of balance. 


dinary dry cell, causes a current to flow, in the direction indi' 
cated by the arrow, through the resistance OB. 

The result is a potential difference between any two points on OB, say 
between M and M', due to the fall of potential through the resistance 
between the two points considered. With the current flowing as indi¬ 
cated , M, is at a higher potential than M', that is, M, is positive with respect 
to M'. 

Now consider the circuit MEGM', in which E, represents 
any source of steady potential difference and G, a galvano¬ 
meter. 
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and consequently the resistance, between the points would corresponding¬ 
ly have to be increased or decreased, respectively, in order to maintain 
this condition. 

It is thus seen that it is possible to oppose two potential 
differences in such a way that one will be exactly balanced by 
the other; and that a galvanometer, as an indicator, shows 
when such a condition exists. 



Fig. 1,552.—Queen slide wire bridge. It consists of a portable slide wire. Wheatstone bridge 
arranged to read directly in ohms in addition to its use for locating crosses and grounds. 
It IS complete with battery, galvanometer and telephone receiver. The bridge is balanced 
by moving the hand stylus until the galvanometer shows no defection or until there is no 
sound in the telephone receiver, ih order to provide a wide range of measurement and maxi> 
mum accuracy, ratio coils or multipliers having values of 1. 10, 100, 1,000 and 10,000 are 
provided. The scale of the i istrument is arranged in two parts, one of which indicates ohms 
and the other is divided >nto uniform divisions for use when locating crosses and grounds 
by the Murray and Vatihy loop methods. A small induction coil is included so as to furnish 
an alternating current when using the telephone receiver. 


Assumipg the value of E, to be exactly 1 volt, M and M', could then be 
set with, say 1,000 arbitrary resistance units between them. By means of 
the regulating rheostat R. the current in OB, could be adjusted until the 
galvanometer showed zero deflection, indicating the potential difference 
between M and M', to be equal to that of E. 

Leaving the current in OB, unchanged, it is noted that the fall of po¬ 
tential along the resistance OB, is exactly 1 volt for each 1,000 units of 
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resistance, or 1 millivolt per unit, because the current is the same in all 
pa^ts of OB. This arrangement merely assumes that W, has a voltage 
high enough to produce the fall of potential as described. Its voltage 
must, of course, be higher than the potential difference of E. 

Still leaving the current in OB, unchanged, substitute for E, another 
source of potential difference, this time of unknown value. In general, 

ifUSSh _iSBil .fSBbi 



Fio. 1,553.—Brooks Model 7 deflection pjotentiometer. The deflection potentiometer flndti its 
greatest use in laboratories where large numbers of d.c. deflection instruments have to be 
calibrated or checked. Before the deflection potentiometer was available, such measurements 
were made against “laboratory standard” deflection instruments and these in ♦urn were 
checked against a null potentiometer. While the deflection potentiometer is not as accurate 
^the null potentiometer, it is more accurate than the “laboratory standard” defleetkn 
instruments and for calibration work is more rapid than either. In measurements where 
the use of the deflection potentiometer eliminates the use of the “laboratory standard” de¬ 
flection instruments, the over-all accuracy of the measurements is imi^oved. 

the relative positions of M and M', will have to be shifted to restore the 
balance. Having found the balance point, the number of units of resist¬ 
ance between M and M', will represent the number of millivolts in the 
potential difference being measur^. 

The fact that when the galvanometer shows a balance, no current flows 
in the circuit of which it is a component, deserves emphasis; because of 
this no current is taken from the source of electromotive force which is 
being measured. The importance of this is that the source of electro¬ 
motive force undergoes no change due to the measurement. Likewise 
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when standardizing the potentiometer, no appreciable current is drawn 
from the standard cell. For this reason, a standard cell, if used carefully, 
will last indefinitely, since it will never be required to deliver any but 
very minute currents, and these only during infrequent moments. 


BATTERY VOLT BOX SHUNT STD CLLL 



Fia. 1,554 —Diagram of internal connections of Brooks Model 7 deflection potentiometer, for 
a thorough understanding of the deflection potentiometer it is necessary to know the prin¬ 
ciples applying to potentiometers in general as explained in the accompanying text Briefly the 
deflection potentiometer is an instrument in which the electromotive force to be measured 
is balanced approximately against a known electromotive force. The small remaining dif¬ 
ference IS read from the deflection of a galvanometer The galvanometer serves the double 
purpose of detector in the potentiometer circuit and of a volt meter for measuring the unbal¬ 
anced portion of the electromotive force. In order for the galvanometer deflection to accu¬ 
rately represei^t the unbalanced voltage, it is necessary that the total resistance in the gal¬ 
vanometer circuit remain unchanged for all potentiometer settings. The principal pomt in 
the design of a deflection potentiometer is the compensation which keeps the galvanometer 
circuit resistance at a constant value The compensation is made by means of auxiliary 
compensating coils, so connected in the main dial circuit, that the rotation of the dial does 
not alter the resistance in the galvanometer circuit. These compensating coils are shown in 
the above diagram. Fundamentally any potentiometer measures voltage, but the measure¬ 
ment of current requires dnly the addition of standardized resistances, or current shunts. 
The deflection potentiometer measures current by measuring the voltage at the potential 
terminals of a standard resistance, consequently the general theory is the same for the cur¬ 
rent, as for the voltage measurements. 
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The standard cell may be connected across one portion of AB, and the 
current adjusted, as described, and the unknown potential difference may 
be balanced against the fall of potential in another portion of AB. The 
connections for accomplishing this with a single galvanometer are shown 
in fig.' 1,555. 

Location of Opens.—These measurements are based on the 
fact that the capacity of wires in a cable is ordinarily a meas¬ 
urable quantity, which, in wire of uniform diameter, is pro- 



piortionate to length. In making these tests, a fault finder is 
used together with a buzzer, dry cells to operate it, small in¬ 
duction coil, and telephone receiver. These instruments are 
to be found in any telephone exchange. It is best to locate the 
buzzer at some distance from the fault finder in coder that it 
caimot be heard by the operator. 
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Before attempting locations for opens it is well to make the 
following measurements: 

1. The insulation of the broken wire and the insulation of 
the good wire with which it is to be compared; 

2. The resistance between the two sections of the broken 
wire should be measured. 



Fia. 1,556 —Queen Gray simplified potentiometer The circuit consists of a group of 22 one 
hundred ohm coils (the dial switch at the lower left m illustration) and a slide wire, of exactly 
one hundred ohms, m senes The current required for the circuit is (X)l ampere, therefore 
the fall of potential over each coil is 1 volt and likewise 1 volt over the entire slide wire. 
The slide wire readable to 0001 volt (1 milli-volt) thereby giving the potentiometer a range 
from 001 volt to 23 volts The standard cell is connected to posts for the same and when 
the knife switch is placed at STD CELL its terminals are connected to the movable contacts 
of the dial switch and the slide wire To standardize the piotentiometer m terms of the 
standard cell the potentiometer is set to the value of the standard cell and the regulating 
rheostat adjusted until the galvanometer is balanced The knife switch is then placed at 
E M F , and the galvanometer agam balanced by adjusting the potentiometer for the 
unknown potential 

This may be done by joining the broken wire and a good wire at the 
distant end of the cable and measunng the resistance of the loop. To 
ensure close locations, this resistance should be over 100,000 ohms. Fair 
locations can be made when the resistance is much lower and it is worth 
while to attempt it even if the resistance be as low as 10.000 ohms. The 
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difficulty of determining the balance point increases as the resistance 
decreases. 

Ques. Describe one form of potentiometer. 

Ans. As shown in fig. 1,557, it consists of a fine German 
silver wire about 3 feet long stretched between the binding 
posts A, B, which are attached to a wooden base carrying a 
scale divided into 1,000 equal parts. There are three circuits, 
the terminal A, being included in each, one including the bat¬ 
tery, and the other two the galvanometer. A three point 



Fio. 1,557 —Diagram of potentiometer showing method of measuring the voltag® of a cell. 
The potentiometer is simply a high resistance wire of uniform diameter stretched between 
two binding posts, A and B, in such a way that contact can be made at its ends and along 
Its length Necessary circuits are plainly shown in the figure, SC, is a standard cell and 
C, the cell to be tested. M and S, are sliding contacts, connecting with the “slide wire" 

switch connects the galvanometer in series with the standard 
cell SC, or the cell to be tested C, the circuits being completed 
by leads terminating in the sliding contacts M and S. 

Ques. Describe the method of measuring the voltage of a 
cell with a potentiometer. 

Ans. Fig. 1,557 shows a method of companng a pressure 
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with that of a standard cell and is applicable whether the pres¬ 
sure of the cell to be tested be greater or less than that of the 
st 2 uidard cell. In making the test the switch F, is first closed, 
then the other switch is moved to D and M, adjusted till gal¬ 
vanometer shows no deflection; similarly, the switch is moved 
to G and S, adjusted till galvanometer shows no deflection. 
Then, C :SC=AS : AM, from which C = SCxAS-r-AM. 

Example. —Let 1.016 volts be the known voltage of the standard cell 
SC, and the scale reading of AS, be 657, and of AM, 225 as in the figure 

““ C.i-°‘°XM.2.966v.ll. 



Fio. 1,558.—^Leedg and Northrup type K potentiometer showing stampings on case indicating 
connections. 

The arrangement may, however, be made direct reading, that is, the 
slide wire may have a scale of volts instead of lengths or resistances, as 
follows: Suppose the standard cell to have a pressure of 1.434 volts, the 
sliding contact M, is placed at the reading 1.434, and the adjustable re¬ 
sistance varied till the galvanometer shows no current. This means that 
the pressure between A and M, is 1.434, and consequently the pressures 
all along the slide can be read off the scale in volts. Hence, when S, has 
been adjusted to balance, the pressure of C, is read off the scale in volts. 
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How to Use a Potentiometer. —^All connections must be 
made as indicated by the stamping on the instrument. Par¬ 
ticular attention must be given to the polarity of the standard 
cell, of the battery, and of the voltage, the corresponding + 
and - signs being marked. If used with a wall galvanometer 
having a telescope and scale, it will be found convenient to 
place the potentiometer so that the telescope is directly over 
the glass index of the slide wire, thus permitting the observer 
to read the galvanometer deflections and potentiometer set¬ 
tings without changing his position. 

1.5 O 



I-^ • -- 

Fio 1,559 —SimphfieJ diagram for checking the slide wire of Leeds and Northrup type K, 
potentiometer To check the umformity of the slide «rire, connect posts marked BA, and C. 
by a heavy copper wire, not smaller than No 10 B & S. Post C, will be found between the 
knobs of the regulating rheosuc Place switch S, on E.M.F , and plug P, at 1. Short cir¬ 
cuit the E M F, posts, and connect the galvanometer to the GA, posts, and the battery 
(not m excess of 3 volts) to the posts marked BR and —BA. The shde wire now be checked 

against the hve ohm coils by the law of the Wheatstone bridge This will be evident from 
the simplified diagram The contacts M and M', form one pair of junctions with th e gal¬ 
vanometer between, while the posts BR and-BA, form the second pair of junctions with 
the batbetween. 


Potentiometer Current .—A storage battery will be found advantage¬ 
ous for producing a steady current in the potentiometer. If a storage 
battery be not available, two good dry cells, connected in series, will be 
found satisfactory. The regulating rheostat has been designed to take 
care of either kind of currept source. 

Checking Against Standard CeW.—Set the standard cell switch to 
correspond with the certified e.m.f. of the standard cell. Place plug P, in 
hole 1, and see that it is always* in this position when checking against the 
standard cell. Place the double throw switch at STD. CELL. 


NOTE. *Exceptinn: See **Meaniring ventage* from 1.61 to 16.1” on page 1,095. 
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Adjust the regulating rheostat until (he galvanometer shows no deflec¬ 
tion. In making the first adjustment, use the key marked RES.^ as a 
balance is more nearly attained, use key RES^, and for the final balance 
use key marked O. Key O, gives the maximum sensitivity. To ascertain 
if the current in the potentiometer circuit alter during a measurement, 
plug in at 1, throw switch S, to STD. CELL, close the galvanometer key. 
No deflection indicates that the current has not changed. If the gal¬ 
vanometer deflect, the regulating rheostat must be readjusted. 

Measuring Unknown Pressure ,—The potentiometer ordinarily is di¬ 
rect reading for voltages up to 1.61 volts. Above 1.61 volts a volt box 


CSC 
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Pio. l,5t)C.—Measurement of current with Leeds and Northrup type K, potentiometer. This 
18 done by measuring the drop in volts across a known resistance as here shown S, is the 
standard resistance, and on it are the potential terminals P P', and the current terminals 
CC The potentiometer is connected to the shunt through the pxists marked PP. The 
resistance between the points P'P .is adjusted to an even value of resistance Most resist¬ 
ances for this purpose are so chosen, that to det rmine the current passin" ugh tne 
shunt, It IS necessary only to multiply the potentiomter reading by a dv-cimai factor. For 
instance, in using a 01 ohm standard it is necessary to multiply the potentiometer readmg 
by 100, which gives the current reading in amper s, in the same way a 1 ohm requires mul¬ 
tiplication by 10, and a .001 ohm by 1,000. The v^ry wide range of this pwtentiometer, and 
especially its accuracy in measurement of low pressures, makes it possible to use a resistance 
standard for a very wide range of current measurements. If the resistance standards for 
measuring large currents be selected for use with the low range of the potentiometer, they 
will cost less and be easier to handle than if selected for a high range potentiometer. 

should be used. However, by means of the method described later, volt¬ 
ages up to 16.1 volts may be measured without a volt box. The method 
is recommended only in special cases. 

After ''checking against standard cell" place switch S, on E.M.F. The 
balance for the unknown pressure is obtained by manipulating dial switch 









Testing and Testing Apparatus 


1,095 

. . !■»»' 


D, and rotating the contact on the slide wire. The final position of the 
two contacts in conjunction with the position of plug P, indicates the 
potentiometer reading. Use key RES^ for rough ad^stment, key RES*, 
for intermediate adjustment and key O, for final adjustment. 

Plug at 1 or .1 .—Plug P, at 1, gives readings directly from the settings 
of the dial switch and the slide wire contact. 

Plug P, at .1 shunts the potentiometer circuit so that the reading is 
one-tenth of reading taken directly from the scales. 

Place plug P, in hole 1 for voltages from .161 to 1.61 volts. 

Place plug P, in hole .1 for voltages up to .161 volt. 

Example ,—A balance was obtained v/ith the dial switch at 1.3 and the slide wire contact 
at 176 and plug P, at 1. The voltage under test, therefore, is 1.3176. If the plug were at .1 
the same reading would have indicated .13176. 



Fio. 1,5'51.—Leeds and Northrup variable lesistance standard. For measurements of resistance 
less than 1 ohm the Kelvin Bridge provides tne most accurate and flexible method. This 
instrument finds its greatest use in checking or comparing low resistance standards and in 
the measurement of the conductivity and resistivity of low resistance samples. 


Measuring Voltages from 1.61 to 16.1 .—Voltages up to 16.1 volts 
may be measured directly by using a greater voltage across the BA posts. 
For this purpose a battery of about 20 volts should be used. Insert plug P, 
at .1 and throw the switch to STD. CELL. Then balance the galva¬ 
nometer by means of the regulating rheostat. When balanced, insert 
plug P, at 1, set switch S. on E.M.F. and read the voltage in the usual 
manner. Multiply the instrument reading by 10. 

Use of a Volt Box .—To measure voltages above the direct range of the 
potentiometer it is necessary to connect the voltage across a high resist¬ 
ance and to measure with the potentiometer a definite fraction of the 
total voltage. Fig. 1,562 shows the method in diagram, and represents 
the connections of a volt box. 
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AB, is a high resistance of which AC, is one five-hundredth; AD, is one- 
two hundred-fiftieth; AE, is one-hundredth; AF, one-fiftieth, etc. of the 
total resistance. The potentiometer reading is multiplied by 2, 5, 10, 20 
50, 100, 200, or 500, depending upon whether the voltage be connected tu 
AD, AE, AF, AG, AH, AI. AJ, or AB. 

Connect the grounded side of the line to the GR, post and the un¬ 
grounded side to the post marked with the voltage next higher than the 
voltage to be measured. Connect the GR^ post to the potentiometei 
E.M.F, post of the same polarity as the grounded side of the line, and 



Hf-TO LINE VOLTAGE-^ 



Fxas. 1,562 and 1,563.—Metliod of using a volt box with Leeds and Northrup type K, potentio¬ 
meter. 


the Other potentiometer post on the volt box to the other E.M.F, post on 
the potentiometer. Multiply the potentiometer reading by the multiplier 
as indicated. 
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With connections as described, maximum sensitivity is obtained and 
the current drawn from the line never exceeds .005 ampere. For work in 
which it is desired to draw less than .005 ampere from the line and the 
sensitivity is sufficient, the ungrounded lead from the potentiometer 
should be connected to one of the voltage posts as shown by the broken 
lines in fig. 1,563. 

The multiplying factor will then be that at the post connected to the 
line lead, divided by that at the post connected to the lead from the poten¬ 
tiometer. For example, to measure 110 volts without drawing more than 
.001 ampere from the line, connect as shown by the broken lines in fig. 
1,563, and multiply the potentiometer reading by the ratio of 500 to 5, 
or 100. 

Never apply a higher voltage between the GR, post and any numbered 
post than the \oltage engraved at that post. To do so might seriously 
damage the volt box. 

Care of Potentiometer.—The slide wire, although pro¬ 
tected to a great extent by the hood, in time accumulates dust 
and dirt with a thin film of oxide. This will tend to increase 
the resistance in this part of the circuit owing to poor contact. 
This wire should, therefore, be cleaned occasionally. 

To do this, unscrew the stop against which the hood strikes when turned 
to read zero; then remove the hood and rub the entire slide wire vigor¬ 
ously with a soft cloth dipped in vaseline. Do not use emery or sand paper 
as this will destroy the uniformity of the slide wire. Clean also the steel 
contact which rubs on the wire, as this becomes glazed after much use. 
When the potentiometer is not in use, the hood should be screwed all 
the way down, and the lid put in place to exclude dust. 

If it be used in a chemical factory, laboratory, or any place where acid 
fumes are prevalent, this latter precaution is important, because the 
fumes may attack the slide wire. 

It is also well to keep the contact surfaces of the switch studs clean and 
bright by wiping them occasionally with a soft cloth dipped in vaseline. 


Location of Faults Where the Loop Is Composed of Cables 
of Different Cross Sections.—Faults in l(X>ps of this character 
may be located with the same degree of accuracy as those in 
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loops of a uniform cross section, provided the length and cross 
section of each length of cable are known. An example will 
illustrate the method: 

In the diagram, fig. 1,565, assume the length of the cable AE 
to be 550 yards of 25,000 cir. mil., EF, 500 yards of 40,000 cir. 



Fiq 1,564 —Leeds and Northrup brtdge for locating faults in power circuits From the 
diagram of connections shown in fig 1 56o, it will be seen that the instrument operates on 
the si de w •'e orinc pie A galvanometer is mounted m the instrument, and the necessary 
leads for connecting to the cable under test are provided Fault locations are made by 
means of the Murray loop te t Mounted upon a circular block inside the case of the instru 
meat is a low resistance slid wire This wire is made large so that a heavy test current may 
be used, thus giving a good sensitivity in making locations A sliding contact moves upon 
the bridge wire ani carries with it a pointer moving over a scale on the top of the containing 
case This scale is divided into 980 divisions, each division being about two millimeters 
The graduations on the slide wire dial stop ten divisions either side of the ends The end 
divisions are marked 10 and 990 The resistance of each lead is therefore equal to the resisv,- 
ance corresponding to ten divisions of the slide wire It will thus be seen that the slide wire 
actually begms at the outer end of the leads, thus entirely eliminatmg lead resistances 
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mil., and FC, 1,050 yards of 30,000 cir. mil. These lengths 
must be reduced by calculation to equivalent lengths of one 
size, and for this purpose it is best to select the largest size. 
The results of this calculation are as follows: 

550 yds. of 25,000 cir. mil. = 880 yds. of 40,000 cir. mil. 

500 “ “ 40,000 “ “ = 500 “ “ 40,000 “ “ 

1,050 “ “ 30,000 “ “ =1,400 “ “ 40,000 “ “ 

This makes the total resistance of the loop equivalent to 



Fis. 1,565 —Diagram of Leeds and Northrup bridge for locating faults in power circuits, show¬ 
ing arrangement of the connections including the lead cables and galvanometer contacts. 
Make connections as shown. The clamps must be so fastened at A and C, that the contact 
resistances will tie very small This contact resistance will figure i.i as an error in the meas¬ 
urement If, for instance, the contact resistance were equal to .001 of an ohm, and the 
wire were of such a size that 001 of an ohm were e 4 ual to the resistance of 20 feet of the 
cable, there would be an error of 20 feet in the location of the fault. For this reason all 
contact resistances throughout the lcK)p from A to C, must be extremely small. The battery 
18 to be connected to the posts maiked Ba, and the post marked Gr, is to be grounded. It 
will very frequently happen that the grouiid is to the cable sheath or some other conductor. 
In this case, tne binding post Gr, should be grounc,ed to th s conductor. SufTic ent battery 
should be iL> d to give a readable deflect on on the galvanometer for a small movement of 
the contact on the brjdge w re. The fault is located by the usual Murray formula. If, for 
instance, the galvanometer show no deflect on when the contact is at 300 on the scale, it 
would ind cate that the fault is at a d stance from A. equal to .003 of the total length of 
the loop from A to C. A test ng current of five amperes may be used w th th s bridge. 
In cases of necessity, this current may be increased to e ght amperes, but when th s current 
18 used It should not be allowed to pass through the bridge for a longer time than is necessary. 
It frequently happens that small faults wh ch have a very h gh res.stance develop in high 
pressure cal:^es. Such faults are 1 kely to break down and result in damage and should be 
located. It is usually imposs ble to locate these faults until they have been part.ally car¬ 
bon zed. Th s must be done by apply.ng a suffic ently h gh voltage between the cable and 
the sheath (or whatever it is grounded on) to break down the fault. In order to prevent 
the breaking down process resulting in a serious bum out, a high res stance must be 
placed in the c rcu t which w.ll prevent an excessive current, or the circuit must be ca efuUy 
fused The former procedure is the brttei 
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2,780 yards of 40,000 cir. mil. If the contact show a balance 
for a reading of 372.5, this indicates that the fault is at a dis¬ 
tance of 1^55 of 2,780 = 1,035.5 equivalent yards. Of this, 880 
are in the stretch AE. Consequently the fault is: 

1,035.5 — 880 = 155.5 yards from E. 

Insulation and the Measurement of its Resistance.—All 

electrical insulating materials have two fundamental electrical 
properties; 





Fig. 1,566.—Leeds and NOTthrup insulation testing set. Wherever cable testing apparatus 
is to be permanently set up and used in a laboratory or test room a desirable combination 
consists of an outfit made up of the individual instruments mounted so as to secure ample 
insulation, and so wired that the connections may be easily traced. The set here shown is 
for insulation testing, and includes all necessary instruments for this work. The galvano¬ 
meter and lamp and scale, however, are not shown. The best insulation is secured by mount¬ 
ing all the instruments, with the exception of the galvanometer and lamp and scale, upon a 
substantial hard rubber plate. The connections are made by heavy enameled wires run in 
air and held in place by hard rubber posts, petticoat insulated. All switches and keys are 
of substantial construction and are so arranged that they may be conveniently operated. 

1. Insulation resistance; and 

2. Dielectric strength. 

By definition, insulation resistance is the opposition to the 
passage of current, and dielectric strength is the strength against 
tneakdotm under static or high voltage stress. 
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Insulation resistance is expressed in ohms or megohms 
(millions of ohms) and is proportional to the thickness of a 
homogeneous insulating material and inversely proportional to 
the area under test. 

Thus if a sheet of such material on each side of which is a metallic con¬ 
ductor be in perfect contact over the whole area, the insulation resistance 
might be 100 megohms. Now.if the sheet and metallic conductors be ex¬ 
tended to ten times the area, the insulation resistance will be only 10 






Figs. 1,567 to 1,570, —DiaRranis showiiiK how insulation resistance is theoretically “propor¬ 
tional to the thickness of a material and inversely proportional to the area under test.” 


megohms, see figs. 1,567 and 1,568. This illustrates why the insulation 
resistance of a short length of good wire or cable, for example, is higher 
than that of a greater length of the same conductor under similar conditions. 
On the other hand, if the thickness of the insulating material mentioned 
above be doubled, the insulation resistance becomes 200 megohmi; and 20 
megohms respectively. 

Dielectric strength as it is ordinarily conceived, is expressed 
in terms of the voltage at which insulation punctures or fails at 






1,102 Testing and Testing Apparatus 


some point due to static stress.* It is not eiffected by the area 
of a homogeneous insulating material, but does increase with 
increased thickness, as shown in figs. 1,571 and 1,572. 

Dielectric strength can be measured only by testing to fail- 
lue,—similar in principle to the way samples of building ma¬ 
terial are tested to destruction. 



Fiob 1,571 and 1,572—Diagram showing that dielectnc strength increases with increased 
thickness of the insulating material 


It must be clearly imderstocxl that the two properties— in¬ 
sulation resistance and dielectric strength, are entirely distinct 
and separate, and that both are important. 

♦NOTE — Current through a resistance causes heat, if this heat be not dissipated 
It causes a reduction in the resistance of the insulating material (the temperature co-elhcienr 
of insulating materials tiemg negative and numerically large this causes further heating and 
increased current which then rapidly procee Is to failure at that particular point 1 herefore 
true dielectric strength is ‘ the critical volta'^e at and abate uhtch the increase of temperature 
*n the insulating material increases the current densitv and the temperature indejinitelv, thereby 
■short circuiting the applied potential and destroying the insulator Below this critical voltage 
the conditions are stable and the insulator is good 
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Up to the present time no simple relation between the two has been found. 
Insulation resistance cannot be taken as a measure of the voltage required 
to cause a breakdown or puncture of the insulation, but it is a valuable 
guide in this respect. 

Many engineers find it wise to make insulation resistance tests during 
manufacture and after repairs, hejore applying the high voltage test, in 
order, as far as possible, to avoid unnecessary breakdown. Also, it has been 



Pio 1,573.—Testing armatures with Biddle ‘^Meg” insulation tester in an electrical repair 
shop. 

found that, under certain conditions, the insulation resistance of electrical 
apparatus will decrease owing to the application of high voltage even 
though dielectric breakdown did not occui. This is entirely in addition to 
the apparent reduction in dielectric strength itself which occurs when the 
high voltage test is prolonged. 

There is no way in which the high voltage dielectric test can 
indicate low insulation resistance without causing failure. 
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If the insulation break down, it only indicates that the insulation was 
weak at the particular point where breakdown occurred. Furthermore, 
high voltage testing does subject electrical equipment to serious risk of 
unnecessary and permanent injury, particularly old equipment where the 
application of high voltage is “playing with fire“ as far as trouble is con¬ 
cerned. 

By the insulation resistance test, the condition of a piece of electrical 
apparatus can be determined. If the insulation of a dynamo, motor or 
cable contain moisture, or is deteriorated, a so called high voltage break¬ 
down is liable not to be a dielectric point or pxiints of the poor insulation. 



Fio 1.574.—Biddle Megger testing set with case removed showing conatruction. One quarter 
size. 


Thus the insulation is completely and permanently injured by the high 
voltage current, whereas an insulation resistance test would show, without 
risk of injury, whether the machine or cable was in condition safe for con¬ 
tinued operation. Many a high voltage failure has been due to nothing 
more than that. 

In all low voltage apparatus, static strains are so small that they need 
not be considered. In high voltage apparatus, the static strains become 
very important, but not more important than resistance to the leakage 
of current. In all apparatus, insulation must be planned to be safe against 
failure either way. 

Leakv insulation is liable to have the defect at some particular point 
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however, hard it may be to locate or positively determine it. Through 
this defect a small leakage of current flows. 

By reason of electrolytic action, or a local rise of temperature, 
or both, the resistance decreases and more current flows. This 
may go on, accompanied by slight charring, which further 
decreases the resistance, allowing still more current to flow. 
The effect is cumulative, so that at last a real bum out may 



Kia. 1,575.—high range “Megger" testing set ready for use 


occur, caused by a leirge flow of current through what was at 
first a very small leak. 

On an over voltage test, an increased leakage of current flows as the result 
of the high voltage, and thus in the same way a breakdown may be pro¬ 
duced in a few seconds, which in normal operation would have occurred 
only after a long time, or perhaps not at all. In fact, if a leak be due to 
moisture, dirt or any other transient condition, or is local in some particular 
part of the apparatus, a breakdown need not occur; for a measurement 
of insulation resistance will show that the conditions are not safe for the 



1,X06 Testing and Testing Apparatus 


operation of the apparatus, much less for the application of over voltage. 
Under these conditions the source of the trouble should be sought, and in 
many instances can be located and easily remedied. 


The high voltage test is not a measure of the condition of the 
in eolation; the insulation resistance test is such a measure. 

If no local condition can be found it may be concluded that the leak 
causing the low insulation resistance is distributed through the insulation; 
in such cases, the apparatus may be considered all right, providing the insula¬ 
tion resistance do not fluctuate widely with operating conditions nor show 
a definite falling off as time goes on. Therefore, an insulation resistance 
test should be made in advance of the dielectric test as a means of guarding 



Flo. 1,576.—Scale of Biddle high range Megger testing set. With the “L” ratio switch this 
scEile may be divided by 10 and by 100, so that it may have the additional ran^^es of 200,000 
(rfims to 100 megohms and 20,000 ohms to 10 megohms. 


against failure due to leaks while subject to high voltage. It should be re¬ 
peated after such a test in order to make sure that the insulation has not 
been permanently weakened by the application of high voltage. 


Surface leakage, while not a defect of the insulating material, 
a surface leakage path through oil, dirt, metallic dust or mois¬ 
ture from an exposed conductor to ground, or between con¬ 
ductors, may lead to a '‘flash over” and serious damage to the 
apparatus. 

Wiping off a machine is no guarantee that such paths have been elimin¬ 
ated. Tests of insulation resistance will reveal their presence. In most 
tests nothing is known of the exact area or thickness of the insulation, while 
it is certain that it is not perfectly homogeneous and the conductors may 
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not be in jierfect contact with its entire surface. Also, there may be sur¬ 
face leakage paths. Therefore, when any particular value is noted on 
making a test, it is impossible to know whether it be due to general charac¬ 
teristics or to some local defect. 

If the resistance be too low for safe operation, the cause 
should be sought, it may be due to moisture or even dirt, and 
remedied if possible. 

Often by separating connections, the location of a real leak 
due to a defect in the insulation can be determined and repairs 
made. 



/iG 1,577 —Schematic diagram showing how the effects of surface leakage on apparatus unde> 
Lcbt may be eliminated by the extension of the guard system from the guard terminal of a 
nigh range “Megger’* testing set. 


On the other hand, if the insulation resistance be sufficiently high to 
permit operation, its value may increase as time goes on, particularly if at 
the beginning the apparatus were not thoroughly dry. However, if a leak 
even of very high resistance, due to a local defect in the insulation, be 
present, there is a possibility that it may gradually decrease in resistance 
until finally it results in a breakdown. 

The insulation resistance test preceding the high voltage tesi 
determines to a large extent whether the insulation be likely to 
break down under the application of high voltage. 
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Very often it occurs that moisture has gotten in or there exist paths for 
leakage which should be dried out or removed before applying the high 
voltage. Thus to a great extent, unnecessary breakdown can be prevented. 

The insulation resistance test following the high voltage test is the only 
method known for determining whether the high voltage has injured 
apparatus which otherwise did not show an actual breakdown when the 
high voltage was applied. It is well known that the application of high 
voltage may weaken insulation without causing failure. 



Fla. 1,578.—Diagram of electrical connections similar to fig. 1,585 but including the guard 
system and the ratio switch arrangement. The guard Byatemr When measunng high resist¬ 
ances, having values on the order of those indicated by “Megger" instruments, it becomes 
necessary to guard against errors due to surface leakage (and even the insulation used in the 
instrument itself). To accomplish this, what is called a guard system is used, consisting of 
hard rubber bushings, nuca and other insulating materials In operation, current may leak 
over the surface of the case from the positive earth termmal toward the negative line term¬ 
inal, but as soon as it reaches the guard ring, it is carried back directly to the negative side 
of the dynamo or applied voltage. As the leakage current is thus unable to flow into the 
line terminal and on through the moving element, it cannot affect the indication on the scale. 


If the insulation resistance be low, separate the various con¬ 
nections of the apparatus and test each part separately, in an 
endeavor to locate and remedy the trouble. 

For instance, in a d. c. motor or dynamo, lift the brushes and separate 
the connections to brush holders and held. Test armature, brush holders 
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CXTERNAL terminals CURRENT PRESSURE 



Fig. 1,579 —Diagram of internal connections of Biddle “Megger'* testing set. The change 
over switch is shown set to “Bridge ” As the name implies the set combines the functions 
of a Wheatstone bridge and a “Megger" testing set When working as a “Bridge" pres¬ 
sure 18 supplied by the hand magneto, the current coil of the ohm meter acts as a galvano¬ 
meter and an auxiliary dial resistance box is used for direct comparison with the resistance 
under test, using the ratios 1 to 1, 1 to 10, or 1 to 100 as needed. By interchanging the re¬ 
sistance box with the resistance under test (see hg. 1,583) the ratios become 1 to 1, 10 to 1 
or 100 to 1. The principle of operation is identically the same as that of any Wheatstone 
bndge 



Fio. 1,580.—Biddle Bridge-Megger testing set with direct readmg resistance box connected 
ready for use. 
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resistance BCX 



Fio. 1,581.—External connections for Bridge Megger measurements uu' er 1 ' > (...i: . 



Fig. 1,582.—Internal connections for bridge rr.easuicmenls unc^er lO.tXK) o!ims. A current 
coil used us galvanometer coil; B, resistance to oo m.'asured; C, pressure coil use i as control 
coil. 

NOTE .—Starting the **Megger” method. In starting the “Megger” method of elec¬ 
trical maintenance, particularly on motors, wiring, etc , in industrial plants, it may He found 
diflicult to secure and maintain the one tne^ohpn standard. But conditions can he improved 
gradually as time iiernins workmen to clean pans, renew deteriorated insulation, dry out 
moisture, etc., so that a higher working standard can be arrived at after a reasonable time. 
Those who ntaintain the c^iuivalent oi I e one megohm standard find from e'lperience that if 
the insulation resistance of their equipment lie up to such values, troubles are so much le.ss 
likel/ to occur that results are worth far more than the eMoit a:. 1 ex.-vn e involved in making 
the tests. 
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and field. If necessary, test each brush holder and field coil separately. 
The trouble may be due to nothing more than moisture or “green" insula¬ 
tion, in which case the apparatus should be dried out or baked until the 
insulation resistance becomes constant at a reasonable value. Bear in 
mind that the insulation resistance of a completely connected machine 
or piece of apparatus is less than the insulation resistance of any of the 
separate parts. 

Regulations for insulation resistance by the American In¬ 
stitute of Electrical Engineers and also by the Underwriters 
Laboratories, indicate what may be called “code” rules for 



Fia. 1,583.—External connections for Bridge "Megger” measurements over 10,000 ohms. 


minimum values of insulation resistance, below which there is 
felt to be imminent danger of failure of the apparatus. 

In actual practice, readings much higher than these usually are found on 
electrical equipment both new and old. From a study of results obtained 
by a larger number of “Megger" users, it is observed that in general an insula¬ 
tion resistance of one megohm is considered a fair allowable lower limit 
on the ordinary run of electrical apparatus, such as motors, dynamos, 
rotary converters, power cables and wiring, etc. There are exceptions of 
course, such as large machines and long cables where readings lower than 
one megohm may be considered entirely satisfactory. 

High tension transformers and similar equipment, if not oil immersed, 
usually have much higher insulation resistance. 


NOTE.—With insulation resistance of one megohm it is reasonably certain that there are 
no aerious surface leaks and also that power apparatiis, at least, is reasonably dry. 
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Principle of operation of “Megger” testing set.—The “Meg¬ 
ger” insulation testing and high resistance measuring instru¬ 
ment consists essentially of a direct reading true ohm meter 
of the permanent magnet, moving coil type mounted in a suit¬ 
able case with a hand driven magneto or provided with other 
means for supplying d.c. voltage for the test. 


DYNAMO RATIO COIL 



The diagram fig. 1,585 shows the essential magnetic circuit 
and electrical connections. M and M, are permanent bar mag¬ 
nets. Between the poles at one end is the armature D, of the 
hand driven dynamo and between the poles at the other end 
is the moving system of the true ohm meter. 

In the “Megger” and “Meg” ohm meters, the hand magneto 
is omitted and an external d.c. voltage is used, see fig. 1,586. 


galvanometer coil 
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The ohm meter has three coils; A. B and B' (see figs. 1,585 and 1,587) 
fixed rigidly togetner and free to rotate about the axis 0. 

There are no controlling springs, but current is led to the coils by flexible 
copper ligaments having the least possible torsion, so that the pointer 
‘‘floats” over the scale when the dynamo is not being operated. 

Coils B and B‘, are connected in series through the resistance R, across 
the generated voltage; they constitute the “control” element of the ohm 
meter and give the instrument the property of indicating correctly irre¬ 
spective of the exact value of the voltage generated or supplied, or the 



strength of the permanent magnets. These coils are so connected that 
when voltage is applied they tend to turn the axis in counter clockwise 
direction until they assume a position where their rate of cutting the mag¬ 
netic flux is zero, that is, directly opposite the gap in the C, shaped iron 
core about which B', moves. The pointer then indicates infinity on the 
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scale. This is what happens when a “Megger’' instrument is operated with 
nothing connected across the terminals Earth and Line. 

The moving coil A, which is always in a uniform radial magnetic field, 

receives current from the magneto through the resistance coil and the un¬ 

known resistance connected to the terminals Earth and Line. The elec¬ 
trical connections are such that this current tends to turn the axis in a 
clockwise direction, in opposition to that of B and B'. 

When the Earth and Line terminals are short circuited the torque pro¬ 
duced by A, overpowers that of B and B', and the pointer stands over the 



Pla. 1,5S8.—Method of testing each wire of a multi-conductor cable with P-iddle “Megger’’ 
testing set. Select about fifteen or twent/ wires at random in the particular bunch under 
test and test each ore against all other wires in that bunch. Repeat lor each bunch of wires. 
If all t’ e wires in tlie cable test clear, make the remaining splices. When a numbet* of tests 
of this kind are to be made, it is convenient to use a motor driven "Megger" testing set. 


point marked Zero. If now a suitable resistance be connected to the 
external terminals, the current from the magneto has two piths available 
and will divide, part passing through the “control" coils B and B', and part 
through coil A, in series with the resistance under test. The result is that 
the opposing torques of the two elements balance one another at a point 
on the scale corresponding to the value of the resistance connected. In 
this way, by using various values of resistance, the entire scale is calibrated. 

Because the two elements of the ohm meter are supplied from the sanw 
source of voltage, the pointer will always move to the same position for 
a given resistance under test. 
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Any change of magneto or applied voltage affects both circuits in the 
same proportion. Similarly the strength of the permanent magnets can 
vary considerably without affecting the accuracy of the instrument. 


TEST QUESTIONS 

1. 'What error is introduced in measuring the pressure 

oj a battery with an ordinary volt meter? 

2. Define the International volt. 

3. What is the standard of current measurement? 

4. What is a volt meter? 

5. Upon what do the various tests made by the prao^ 

tical electrician depend? 

6. Define the International ohm. 

7. Name and explain seven methods of measuring 

resistance. 

8. Upon what is the direct deflection method based? 

9. Describe a resistance box. 

10. What method oj measuring resistance is used in elec¬ 

trical stations? 

11. What is the drop method used for? 

12. Describe the so called Wheatstone bridge, and explain 

its use. 

13. What is the decade plan? 

14. What is a testing set? 

15. What is a loop test? 

16. Describe the Murray hop, Varley loop and specicd 

loop tests. 

17. What are the various hop tests used for? 

18. Describe the Kelvin bridge and its use. 




Testing and Testing Apparatus 1,117 


19. What is a reversible slide wire bridge used for? 

20. Describe the test for location of opens. 

21. Describe the tests for telegraph and other multiple 

cables. 

22. Give the method of picking out a grounded wire. 

23. What kind of test is the Varley loop specially used 

for? 

24. Give some notes on the Varley test. 

25. Describe the direct reading ohm meter. 

26. What is a potentiometer! 

27. Explain the principle of the potentiometer. 

28. Name three classes of potentiometers. 

29. Describe a slide wire bridge. 

30. How is the voltage of a cell measured with the poten- 

tiometerl 

31. How is a volt box used with a potentiometer? 

32. Describe the location of faults where the loop is com¬ 

posed of cables of different cross sections. 

33. Name two properties of insulating materials. 

34. What may result from surface leakage! 

35. Describe the instruments used for insulation testing. 

36. Name two fundamental electrical properties of all 

insulating materials. 

37. Define insulation resistance. 

38. What is dielectric strength? 

39. How is dielectric strength measured? 

40. What is the effect of current flowing through a re¬ 

sistance? 

41. What is the characteristic of leaky insulation? 
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42. Does a high voltage test measure the condition oj 

insulation? 

43. What sometimes results from surface leakage? 

44. What insulation resistance regulations are given in 

the Code? 

45. Give the principle of operation of "Megger" testing 

set. 

46. Describe other instruments used in insulation testing. 
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CHAPTER 40 

Storage Batteries 

Introduction.—The practical development of the storage 
battery is comparatively recent, although a knowledge of the 
phenomena upon which its actions are based, dates back to 
1801. In 1800, the year made memorable by Volta’s discovery 
of the galvanic battery, Nicholson and Carlisle found that a 
current from Volta’s cell could decompose water. 


NOTE —In 1801, Gautherot dtscovered that if two plates of platinum or silver, im¬ 
mersed in a suitable, electrolyte, be connected to the terminals of an active primary cell and 
current be allowed to flow, a small current could be obtained on an outside circuit connecting 
these two electrodes as soon as the primary battery had been disconnected 

NOTE —Erman found that the positive pole of such a cell, was the pole which had 
been connected to the txjsitive pole of the battery. 

NOTE —In 1803, Ritter observed, with gold wire, the same pheiKimenon as Gautherot, 
and constructed the first secondary battery, by superposmg plates of gold, separated by cloth 
discs, moistened with ammvynia 

NOTE — Volta, Davy, Marianini, and others added somewhat to the knowledge on the 
Bubiect, ana m i837, Schoenbein found that fierozide of lead could be used in secondary bat¬ 
teries 

NOTE —Sir William Grove next came forward with the discovery that metal plates, 
with a layer of oxide on them, acted better than the plain metallic plates, and Wheatstone and 
Siemens found still later that peroxide of lead was the best for such purpose^ 

NOTE —In 1842, Grove constructed a gas battery, in which the force came from the oxy¬ 
gen and hydrogen evolved in the electrolysis of water acidulated with sulphuric aad. By 
means of fifty such cells, he obtained an arc light. 

NOTE —Michael Faraday, when electrolyzing a solution of lead acetate, found that 
peroxide was produced at the positive, and met^lic lead at the negative pole, and in his **£x- 
perimental Researches,” he comments on the high conductivity of lead peroxide, and its power 
of readily giving up its oxygen Although he made no apparent use of this di9Covei3\ it may 
be coQsidered as the next important step in the develoimient of the storage battery. 
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As to the theory at this time, it may be stated that Clerk Maxwell, 
although the leading electncian of his time, speaks of the storage bat¬ 
tery as storing up a quantity of energy in a manner somewhat analogous 
to the ordinary condenser, hence the use of the word “accumulator” 
for storage battery. 

Ques. To what use is the storage battery sometimes put 
in electric lighting or power stations? 

Ans. To carry the ‘‘peak’' of the load, and the entire load 


HEIGHT OF 50FT RUBBER EXPANSION 



Pio. 1,589 —Sectional view of Gould cell shewing vdxious parts 


NOTE — According to Niblett, Wheatstone, de la Rue and Niaudet were well aware 
that peroxide of lead was a powerful depolarizer, but nobody appears to have made uae of thn 
fact until 1860, when M Gaston Plante constructed his well known cell with coiled plates 
Plante’s researches extended up to 1879, and practically determined the state of the art 

NOTE —In the manufacture of storage battery plates, nearly every conceivable shape 
has been tried, and it has been found that an approximately square plate gives the best re¬ 
sults The plate should not be made too deep, else it will be subjected to different degrees of 
chemical action The plate should be so constructed as to be able to expand with the active 
material, without destroying the contact between the two The electrolyte should have free 
aocess to ail narts of the active material 
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at minimum hours. To act as equalizer or reservoir. Also 
for equipment of annex or substations. 


Theory of the Storage Battery.—The action of the storage 
battery is practically the same as that of the primary battery 
and it is subject to the same general laws. The cells of a storage 
battery are connected in the same way as primary cells, and 
when charged is capable of generating a current of electricity 
in a manner similar to that of a primary battery. 


SOFT RUBBER PLUG' 


POSITIVE PLATE 
OF A DARK BROWN, 
COLOR 


PERFORATED RUBBER 
SEPARATOR PLACED 
NEXT TO POSITIVE 
PLATE 


GROOVED WOOD 
SEPARATOR PLACED 
WITH smooth 
SIDE NEXT TO 

negative plate 



STRAPS USED TO CONNECT 
PLATES OF A GROUP 

HOLD-DOWN USED TO KEEP WOOD 
SEPARATORS FROM FLOATING 

NEGATIVE PLATE OF A GRAY 
OR SLATE COLOR 


HARD RUBBER JAR 


RIB OR BRIDGE FOR 
SUPPORTING THE ELEMENT 


SEDIMENT SPACE 


Fig. 1,590.—Sectional view of Exide cell in rubber jar showing various parts. The positive 
plates when burned to the strap as shown, are called the positive group. The negative plates, 
when burned to the strap as shown, are calle 1 the negative group. Both groups and separa 
tors assembled as shown, are called the element. 


NOTE .—In 1879, R. L. Metzer did away with the tedious forming process, by mechanic¬ 
ally applying the active material. This important discovery was not, ho.vever, generally known, 
until 1881, when Camille Faure obtained important patents concerning tlie method of shortening 
the time of formation. 

NOTE .—Chnrlea F. Brush, working independently of either Faure or Metxer, arrived 
at the same result, and the United States courts have decided after long liti««tion, tha» to him 
belongs the priority of invention in this country. 
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It differs, however, from the primary battery in that it is capable of 
being recharged after exhaustion by passing an electric current through 
it in a direction opposite to that of the current on discharge. This differ¬ 
ence constitutes the principal advantage of the storage battery over the 
primary battery. 

Ques. Describe a storage cell. 

Ans. It consists of plates or of grids in an electrolyte of 
such a character that the electrical energy supplied to it is 



Fio. 1,591.—Westinghouse 12 compartment glass case radio storage B battery. 24 voits; 
capacity 3,500 milliampere hours (3.5 ampere hours) when discharged at a rate of 40 milli- 
amperes. The clear glass case gives the user a view of the £''.tion of the battery on charge 
and discharge, and permits a ready inspection of plates and separators as well as the level of 
the acid solution. A layer of sealing compound over the rubber covers and around the posts 
keeps this battery free from acid leakage. 

converted into chemical energy (a process called charging). 
The chemical energy can be reconverted into electrical energy 
(a process called discharging). 

Ques. Describe the electrolyte generally used. 

Ans. It consists of a weak solution of sulphuric acid which 
permits ready conduction of the current from the charging 
source; the greater the proportion of acid within certain 
limits, the smaller the resistance offered. 

Ques. What is the effect of the current passing through 
the electrolyte? 

Ans. It decomposes the water into oxygen and hydrogen; 
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this is indicated by the formation of bubbles upon the exposed 
surfaces of both plates, these bubbles being formed by oxygen 
gas on the plate connected to the positive pole of the primary 
battery, and hydrogen on the plate connected to the negative 
pole. 

Because, however, the oxygen is unable to attack either platinum or 
silver under such conditions, the capacity of such a device to act as an 
electrical accumulator is practically limited to the point at which both 
plates are covered with bubbles. After this point the gases will begin to 
escape into the atmosphere. 

Ques. What is the prime condition for operation of a 
storage battery? 

Ans. The resistance of the electrolyte should be as low as 
possible in order that the current may pass freely and with full 
effect between the electrodes. 

If the resistance of the electrolyte be too small, the intensity of the 
current will cause the water to boil rather than to occasion the electrolytic 
effects noted above. 

Ques. What happens when the charging current is dis¬ 
continued y and the two electrodes joined by an outside wire? 

Ans. A small current will flow through the outside circuit, 
being due to the recomposition of the acid and water solution. 
The process is in a very definite sense a reversal of that by 
which the current is generated in a primary cell. 

Hydrogen collected upon the negative plate, which was the cathode, so 
long as the primary battery was in circuit, is given off to the liquid imme¬ 
diately surrounding it, uniting with its particles of oxygen and causing 
the hydrogen, in combination with them, to imite with the particles of 
oxygen next adjacent. The process is continued until the opposite positive 
plate is reached, when the oxygen collected there is finally combing with 
the surolus hydrogen, going to it from the surrounding solution. 
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This chemical process causes the current to emerge from the positive 
plate, which was the anode, so long as the primary battery was in circuit. 
The current thus produced will continue until the recomposition of the 
gases is complete; then ceasing because these gases, as before stated, do 
not combine with the metal of the electrodes. 

Types of Storage Battery.—There are three general classes of 
storage cell classified according to the type of plates. 

1. Plante cells: 



Fia. 1,592.—Unformed Plante type plate, showing appearance of plate before forming. The 
clear outline of the grooves indicates absence of oxide, due to action of “forming*' solutions, 
or charging current. 

2. Faure cells; 

3. Manchester cells. 

According to construction secondary cells may be classified 
as follows: 
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1. Lead sulphuric acid cells; 

2. Lead copper cells; 

3. Lead zinc cells: 

4. Alkaline zincate cells. 

The lead sulphuric acid type includes all those cells belonging to the 
Plante and Faure groups. 

Lead copper cells consist of sheets of metal coated with lead oxide, 
serving as the positive electrode, and copper plates for the negative 




Fig. 1,593.—Faure or p>asted type plate grid without active material. 

Fig. 1,594.—Appearance of Faure or pasted type grid after active material is pasted. 


NOTE .—The Four • or pasted type plate is generally known as a “grid type" and is 
used exclusively in batteries for vehicles. 

NOTE .—Pasted plates ot one polarity may be used with Plante plates of opposite polar¬ 
ity. Plates of different design and age, however, should not be used together m any positive 
Q€ negative group of a cell, on account of local action which will take place between the plates. 
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electrodes. These plates are immersed in a solution of copper sulphate. 
Cells belonging to this class are not employed in commercial practice, 
being useful only for laboratory experiments. 

Lead zinc cells are similar to the preceding type, but differ by having 
zinc for the negative electrode, and zinc sulphate for the electrolyte. The 
voltage of these cells is slightly higher than that of the ordinary cell, and 
their capacity per unit of total weight is high, but they are apt to lose 
their charge on open circuit, besides they possess most of the disadvantages 
of the Plante ceUs. 



Fios. 1,595 to 1,602.—^Paxtsof Exide cell for railway service with positive group of Manchester 
type plates. 


Alkaline zincate cells have copper for the positive, and iron for the 
negative electrode. The electrolyte is composed of sodium, or potas¬ 
sium, zincate. Cells of this type are used to some extent for traction 
purposes. 

In addition to the above, there are some special forms of cell which 
do not belong to the four preceding types. 


Ques. Describe the Plante type. 
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1,608.—^Exide Manchester type positive plate. In construction the grid is a cast lead 
antimony alloy. This alloy unlike pure lead resists the “forming’' action during charge and 
discharge. The grid is provided with circular openings, slightly tapering toward the center, 
into which are forced by hydraulic pressure, the rosettes or buttons of soft lead which con¬ 
stitute the acti\ e portion of the plate. These buttons are formed of strips of pure lead, cor 
rugated transversely and rolled into a spiral. After being forced into place in the grid they 
are subjected to the “forming” process, v'hereby the active material or lead-peroxide i8develoi>ed 
clectro-chemically on the transverse surfaces. The expansive action of this forming process, 
combining with the “hour glass" shape of the openings, securely locks the buttons in place. 

iha. 1,604.—Exide box negative plate. In construction, the grid which is of lead antimony 
alloy is formed of horizontal and vertical ribs, spaced about 1 in. apart, forming pockets 
closed on both sides with perforated sheet lead, in which pockets the active material is per¬ 
manently held in place. Thus, the grid and the active material are not necessarily of the 
same composition, as is rhe case vith other types of negative plate, but each is of the com¬ 
position best designed for the functions to be performed. _ 



Figs. 1,605 and 1,606.—Manchester but¬ 
tons or rosettes of soft lead which con¬ 
stitute the active material of Manchester 
plates. 

Fig. 1.607.—Section of Manchester positive 
plate showing placement of soft lead 
buttons. 
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Ans. In the Plante type the lead is chemically attacked and 
finally converted into lead peroxide, probably after it has gone 
through several intermediate changes. The plates are all 
formed as positive plates fii st and then all that are intended for 
negative plates are reversed, the peroxide being changed into 
sponge lead. 

Ques. What is done to make the Plante plate more ef> 
ficient? 



Fia. 1,608.—Exidc box negative group, 

Fia. 1,603.—Exide Manchester positive group. 


Ans. The surfaces are finely subdivided, the following meth¬ 
ods being those commonly used: scoring, grooving, casting, 
laminating, pressing, and by the use of lead wool. 

Ques. Describe the Faure or pasted type. 

Ans. This form of plate is constructed by attaching the 
active material by some mechanical means to a grid proper. 
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The active material first used for this purpose was red lead, which was 
reduced in a short time to lead peroxide when connected as the positive 
or anode, or to spongy metallic lead when connected as the cathode or 
negative, thus forming plates of the same chemical compound as in the 
Plante type. 

The materials used at the present time by the manufacturers for making 
this paste aie largely a secret with them, but in general they consist of 
pulverized lead or lead oxide mixed with some liquid to make a paste. 

Ques. How do Faure plates compare with those of the 
Plante type? 

Ans. They are usually lighter and have a higher capacity, 
but have a tendency to shed the material from the grid, thus 
making the battery useless. 



^^o. 1,610.—Sectional view of Ende battery showing construction. 
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Many ways have been tried for mechanically holding the active ma¬ 
terial on the grid, the general method involving a special design in the 
shape of the grid. Some of these designs are: 1, solid perforated sheets 
of lattice work; 2, corrugated and solid recess plates not perforated; 3, 
ribbed plates with projecting portions; 4, grid cast aroimd active material; 
5, lead envelopes, and 6, triangular troughs as horizontal ribs. 

The Electrolyte.—Sulphuric acid is generally used as electro¬ 
lyte; the acid should be made from sulphur and not from 
P3rites, as the latter is liable to contain injurious substances. 



Fras. 1,611 to 1,623.—^Typical connecting straps and connectors. 


Ques. How is the electrolyte prepared? 

Ans. One part of chemically pure concentrated sulphuric 
acid is mixed with several parts of water. The proportion of 
water differs with several types of cell from three to eight parts, 
as specified in the directions accompanying tne cells. 

Ques. What test is necessary in preparing the electrolyte? 

Ans. In mixing the water and acid, the hydrometer should 
be used to test the specific gravity of both the acid and the 
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solution. The most smtable 
acid should show a specihc 
gravity of about 1.760 or 66® 
Baiim^. 

Ques. In preparing the elec¬ 
trolyte, how should the water 
and acid be mixed? 

Ans. The mixture should be 
be made by pouring the acid 
slowly into the water, never the 
reverse. As caimot be too 
strongly stated, in mixing, the 
liquid should be stirred with 


NOTE —Specific gravity is the weight of 
a given substance relative to an equal Int/k ol 
some other substance which is taken as a stand* 
ard of compiarison Water is the standard for 
liquids In the laboratory the specific graeity 
bottle IS often used in determining the specific 
gravity of a liquid The capacity of the bottle 
18 1,000 grains of pure water When it is filled 
with spirits of wine and weighed m a balance 
(together with a counterpoise for the weight of 
the bottle, which of course is constant), it will 
weigh considerably less than 1,000 grains, in 
fact, the bottle will contain only about 917 
grains of proof spirit, therefore, takmg the 
specific gravity of water as unity, 1 or 1 000, 
the specific gravity of spirits of wine is 0 917. 
If, on the other hand, the bottle be filled with 
sulphuric acid, it will weigh about 1,850 grams; 
hence, the specific gravity of sulphuric acid is 
said to be 1 850 A more convenient method 
18 by the use of the hydrometer syringe. 


Fig. 1,624 —^The hydrometer syrmge, a convenient device for testing storage battery cells. By 
slightly comprc>sing the bulb and inserting the slender tube through the vent hole m the 
cover of the cell sufficient acid may be drawn up to float the hydrometer withm the lar^ 
glass tube, and the reading can be made at once The acid is returned to the cell by again 
compressing the bulb, and the reading of the next cell taken. The laborious and uncleanly 
method of drawmg out sufficient acid bv a syringe is thus avoided. 
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a clean wooden stick, the acid being added to the water 
slowly; the add is corrosive and will painfully bum the 
flesh. 

Distilled or rain water should be used in preparing the electrolyte. 
When made, the solution should be allowed to cool for several hours or 
until its temperature is approximately that of the atmosphere (60 being 
the average). At this point it should have a specific gravity of about 
1.200 or 25® Baum6. If the hydrometer show a higher reading, water 
may be added until the correct reading is obtained; if a lower reading, 
dilute add may be added with similar intent. 


SPECIFIC GRAVITY TABLE 


Sulphuric acid 
(Per cent.). 

Water 
(Per cent.). 

Specific gravity 
of Mixture. 

50 

50 

1.398 

47 

53 


44 

56 

1.342 

41 

59 

1.315 

38 

62 

1.289 

35 

65 

1.264 

32 

68 


29 

71 

1.215 

26 

74 


23 

77 

1.167 


80 

1.144 

17 

83 

1.121 

14 

86 

1.098 

10 

.1 

90 

1.06S 


The electrolyte should never be mixed in jars containing the battery 
plates, but preferably in stone vessels, specially prepared for the purpose. 
Furthermore, it should never be placed in the cell until perfectly cool. 

Ques. What ts the effect of mixing the acid and the water? 

A.ns. The mixture becomes hot. 

Before using, the mixture should be allowed to cool. 
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Ques. What kind cf a vessel should be used? 

Ans. The vessel should be of glass, glazed earthenware, or 
lead. 

Ques. At what density is the resistance of dilute sulphuric 
acid at a minimum? 

Ans. At 1.260. 



FXo. 1,625.—View of hydrometer and c lecliolyte showing state of charge of cell as indicated by 
the density cl the solution. 

The percentage of concentrated sulphuric acid and of water per 100 
parts of the electrolyte for various specific gravities is given on the page 
following. 

The electrolyte of the desired specific gravity may be purchased ready 
for use, but in cases where it is desirable to save freight, the acid may be 
diluted at the point of installation. 


Ques. What is the effect of a deep containing vessel? 
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Ans. Parts of the plate surface may do more than their 
share of the work due to the difference in the density of the 
electrolyte at the top and bottom. The containing vessel 
should, therefore, never be deeper than about 20 inches unless 
some artificial means of acid circulation be used. 

Ques. What is the effect of changes in temperature on 
the electrolyte? 



Fig. 1,626. —Freezing points of electrolyte. The freezing point of a battery depends upon its 
strength. For instance, a solution with a strength or specific gravity of 1.260 will not freeze 
until cooled to a tempeiature of 62° below zero Fahr. A strength of 1.150 will freeze at 5° 
above zero, hence there is little danger of freezing except when the battery is completely 
discharged. Moreover, at these freezing points, the solution is slushy and does not become 
hard until the temperature goes still lower. If water be added to a battery in freezing 
weather and then not stirred in with the solution by charging the battery, it will remain 
on top of the solution and may freeze. 


Ans. The resistance of the electrolyte is changed, being less 
for increase of temperature. 

Ques. How should the cells be filled? 

Ans. Enough of the electrolyte should be poured into the 
jars to completely cover the plates, or to within about a half 
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SOPT RUBBER 

BUSHIN6 CR0S5 

BAR 

Fio. 1,627.—Top of Gould cell showing construction. 


HARD RUBBER COVER 


Ans. It should never exceed 1.300 (usually from 1.280 to 
1.295) when the battery is fully charged. 

Ques. How much electrolyte is used per 100 ampere hours 
battery capacity, pn an 8 hour rating? 

Ans. About ten pounds; in automobile batteries, about four 
pounds is sufficient. 
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Ques. What should he done with old electrolyte? 

Ans. When a battery is taken down the electrolyte may be 
saved and used when re-assembling the battery, providing great 
care be exercised when pouring it out of the jar, so as not to 
draw off with it any of the sediment. 

It should be stored in convenient receptacles, preferably carboys, which 
have been thoroughly washed and never used for any other purpose. 



Fiq. 1,628.—Willard A R A. signal, lead Plante plate cell la glass jar. 
Fia. 1,629.—Willard signal, Faure plate cell in sealed glass jar. 


The electrolyte saved in this manner will not, however, be sufficient 
to refill the battery, and as some new electrolyte will be required, in gen¬ 
eral it is recommended that the old supply be thrown away and all new 
electrolyte (1.200 specific gravity) be used when re-assembling. 


Voltage of a Secondary Cell. —This depends on the density 
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of the electrolyte, the character of the electrodes and condi¬ 
tion of the cell; it is independent of the size of the cell. 

The voltage of a lead sulphuric acid cell when being charged 
is from 2 to 2.5 volts. While the cell is being discharged, it de¬ 
creases from 2 to 1.7 volts. The voltage due to the density of 
the electrolyte may be calculated from the following formula: 

V = 1.85 + .917 (S-s) 

in which 

V = voltage; 

S=specific gravity of the electrolyte; 

s=specific gravity of water at the temperature of observation. 


TEST QITESTIONS 

1. Give the theory of the storage battery. 

2. Describe the storage cell. 

3. Describe the electrolyte generally used. 

4. What is the effect of the current passing through the 

electrolyte ’ 

5. What is the prime condition for operation of a stor¬ 

age battery? 

6. What happens when the charging current is discon¬ 

tinued, and the two electrodes joined by an outside 
wire? 

7. What are the three general classes of storage cells? 

8. Describe the Plante type. 

9. What is done to made the Plante plate more efficient? 

10. Describe thefaure or pasted type. 
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11 . How do Faure plates compare with those of the Plante 

type? 

12 . What test is necessary in preparing the electrolyte? 

13. In preparing the electrolyte, how should the water 

and acid be mixed? 

14. What is the effect of mixing the acid and the water? 

15. What kind of a vessel should be used? 

16. What is the effect of changes in temperature on the 

electrolyte? 

17. How should the cells be filled? 

18. What may be said with respect to the density of the 

electrolyte? 

19. What should be done with old electrolyte? 

20 . Upon what does the voltage of a storage cell depend? 



Storage Battery Systems 


1,139 


CHAPTER 41 

Storage Battery Systems 

Storage batteries are used for many purposes, such as to 
supply current for electric vehicles, gas engine ignition, lighting, 
and in connection with power stations and distribution work. 



j?ja. 1,630.—Load curve showing use of storage battery as an aid to the generating machinery. 
In the diagram, it is seen that the battery discharges at minimum and maximum loads and 
is charged at other times, the battery furnishing current for the entire minimum load and 
part of the maximum load. 

The latter is an important field, the storage battery being 
used in connection with the power station for the following 
purposes: 

1. To carry the peak load, during hours of maximum demand; 

2. To carry the entire load during hours of minimum demand, or for a 
short time in case of emergency; 

3. To act as an equalizer; 
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4. For regulation of load and voltage; 

5. As compensation for feeder drop; 

6. As a preventive against shut downs. 

In almost every electric lighting plant there are long periods during the 
day and late at night when the number of lamps lighted is so small that it 
may not pay to run the generating machinery. In such cases, storage bat¬ 
teries may usually be used to advantage to aid in carrying the maximum 
load and to supply the entire current at minimum load as illustrated in fig. 
1,630. In other words, batteries are substituted for a certain portion of the 
machinery plant or are used in place of the latter. 

Ques. What provision must be made in power plants 
when storage batteries are not used? 



Fia. 1,631.—Fairbanks-Morse lighting outfit The above cut illustrates a 2 horse power 
vertical special gasoline or kerosene oil engine belted to a 9 kw compound wound 32 volt 
dynamo. It will supply a maximum of 42-20 watt, or 50-15 watt 32 volt Tungsten lamps 
and IS built and balanced, so that current can be taken direct from the dynamo without 
flicker m the lights ' The storage battery has 16 cells and a capacity of amperes for 
7 }^ hours at 32 volts This will supply seven 20 watt Tungsten lamps for 734 hours, or nine 
15 watt lamps for 7>4 hours. The switchboard is arranged so as to give 24 hours service. 
It IS customary to run the engine during most of the lighting period and to use the battery 
for lights late at night. If the whole number of lights be not used when the engine and 
dynamo arc m operation, the surplus is used to cha gc the Laltery. 
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Ans. The capacity of the generating machinery must be 
sufficient for the heaviest overloads which may occur, and it 
must be operated continuously for 24 hours a day in the ma¬ 
jority of central stations suppl 3 dng current for lighting and 
power. 

Ques. What results are obtained with this method of 
working? 



Fia. 1,632.—Diagram showing efTect of storage battery in regulating the dynamo load in a conK 
bined railway and lighting plant. In this case the average and line loads are about equal 
and the battery covers the instantaneous fluctuations. It will be noted that while the line 
load fluctuations vary between 780 and 1,420 amperes, those of the dynamo load are kept 
at an average between 1,030 and 1,160 amperes. 


Ans. The engines working under very variable loads, not 
only operate at low efficiency, but are continually subjected to 
severe mechanical strains. 

Ques. How may greater efficiency be secured with steam 
engines under variable loads? 
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Ans. Judicious selection of the number and sizes of the 
engines enables them to be worked in most cases at a consider¬ 
able fraction of their full capacity nearly all the time. 



fia. 1,633.—Storage battery connected in parallel with adynamo. Thia arrangement enable* 
the dynamo to be stopped for a considerable portion of the time, and thus saves labor and at¬ 
tention. It also acts to prevent fluctuations as in a dynamo driven by a gas engine whose 
speed varies periodically because of the nature of its cycle of operation. The circuit include* 
a reverse current circuit bn-aker or discriminating cut out (not shown) to prevent battery 
discharging through dynamos when the latter is not running. 



Fio- 1,634.—Diagram showing action of storage battery as a reservoir of reserve power. The 
figure shows an actual load curve from an Edison station for 24 hours. A sudden storm 
caused the load to be thrown on very quickly, the peak of the load being higher than us ial. 
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jQaes. What further improTement is secured in most cases 
with the storage battery? 

Ans. The plant is made more flexible, and the economy of 
the engines is increased by making their loads nearer uniform, 
and nearer to full capacity while they are running. 

Ques. What is the effect of a battery connected in parallel 
with a dynamo, as in fig. 1,633? 

Ans. It is not necessjiry for the d5mamo to have a capacity 



Fio 1,635—^Westinghouse farm light and power i^ant. 


exceeding that which is sufficient for the average daily load, 
at which it may be worked practically all the time. 

When the load is below the average, the dynamo charges the battery, 
and when the load rises above the average, dunng the hours of maximum 
demand, the battery discharges into the line in parallel with the dynamo. 
Dunng the hours of minimum demand the engines may be shut down 
and the necessary current supplied from the battery alone, thus not only 
increasing the efficiency of the plant, but serving to maintam a steadier 
pressure under fluctuating loads. 
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Ques. What is understood by the expression *‘floating the 
battery on the line”? 

Ans. A storage battery is said to float on a line when con¬ 
nected across the circuit at some distance from the power sta¬ 
tion, so that a heavy load on the line, within the range of the 
battery influence, causes sufficient line drop to allow the battery 
to discharge, while with a light load on the line, the drop is 



Fig. 1,636 —Exide floating battery system for railway signaling, connected tx> c c. charging line. 
This system provides an independent reservoir of electrical energy at each signal, always 
charged and connected to the signal circuit to supply d c. to the latter during any interrup¬ 
tion of the normal supply, to insure no interruption of the signal service. 

small and the impressed voltage at the battery high enough 
to charge the battery. This usage is confined chiefly to electric 
railway service, where large voltage changes are permissible. 

Ques. When the battery is floated on the line, how may 
the amount of charge be made to approximately equal the 
amount of discharge? 
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Arts. By properly proportioning the number of cells in series. 

Connections and Circuit Control Apparatus.—When a stor- 
e battery is used on an electric lighting plant, provision must 
made for feeding the lamps, etc., from either the dynamo 
battery separately, or from the two working in parallel, and 



F^o. 1,637.—Parallel charge, senes discharge including dynamo and distribution circuita. 
1, ammeter; 2, volt meter; 3, ammeter switch: 4, volt meter switch; 5, series parallel switches; 
6, battery circuit breaker; 7, battery rheostat; 8, overload and reverse current circuit break¬ 
er (discrimmating cut out); 9, dynamo field rheostat; 10, battery switch; 11, dynamo 
switch: 12, switches to distribution circuits. 
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it should be possible to charge the battery at the same time the 
lamps are being supplied. To accomplish these results requires 
three switches, for the following connections: 

1. To connect the lamps to the dynamo; 

2. To connect the lamps to the battery; 

3. To connect the battery to the dynamo. 

In some plants, the first switch is omitted, because the lamps are always 
fed by the battery alcne, the latter being charged during the day, when n."- 
lamps are in use. 



Fia. 1,638.—Diagram of connections arranged for charging battery in two parallel groups and 
discharging in senes, the charge and discharge being controlled by variable resistances 
In yacht lighting the limited space generally prohibits the use of a charging booster, and 
in such instances this method of charge and discharge control is the usual practice. In case 
the dynamo from wh.ch the battery is charged has sufficient range in voltage tc charge 
all cells in senes, a charging booster is not required, nor is it necessary to connect groups 
of cells in parallel, as the dynamo voltage may be varied as charge proceeds. 


It is desirable, however, to have all three switches in every plant in ordei 
to be able to supply lamps and charge the battery at any time. 

In the battery circuit there should be an ammeter having a scale on both 
sides of zero, to show whether the battery is being charged or discharged, 
as well as the value of the current. Another similar ammeter is required 
in the circuit between the dynamo and the battery, to show the direction 
and amount of current. A third ammeter is desirable in the lamp circuit, 
to show the total current supplied to the lamps, but it need only indicate 
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on one side of zero, since the current there always flows in the same direc¬ 
tion. 

A volt meter is required with a three way switch to connect it to the 
dyna’mo, battery or lamps, and a circuit breaker must be inserted in the 
battery circuit in order that it may be opened when the current becomes 
excessive. 

A discriminating cut out or reverse current circuit breaker is required 
between the dynamo and the battery to open the circuit when the charging 
current falls below a certain value, and thus avoid any danger of the battery 
discharging through the dynamo, if from any cause the voltage of the latter 
drop below that of the battery. This completes the ordinary measuring and 
circuit controlling apparatus employed with stomge batteries. 


DYNAMO 




Fio. 1,639.—Diagram showing three wire system with one dynamo and storage battery. A 
220 volt dynamo charges a storage battery of correspiondmg pressure, which m turn sub¬ 
divides the pressure and supplies a three wire 83 ^tem, the neutral wire of which is connected 
to the middle point of the battery as shown. 


Methods of Control for Storage Batteries.—As the external 
voltage of a storage battery varies with the amount of charge 
it contains and with the direction of the current, it is necessary 
to employ some means for compensating this variation in order 
to maintain a constant voltage on the line supplied by the bat¬ 
tery. The various devices used for this purpose are as follows: 

1. Variable resistances; 

2. End cell switches; 

3. Reverse pressure cells; 

4. Boosters. 
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The particular method selected will depend upon the size of the battery, 
the purpose for which it is used, the allowable limits of current and voltage 
variations, the cost of the system, etc. 


Variable Resistance.—Regulation by variable resistance may 
be used advantageously only with batteries of small capacity, 
and in small lighting plants such as those of yachts, where the 
space available for battery auxiliaries is limited, and where the 
cost of energy is so low that the loss of power in the resistance 
is not objectionable. 



Fra. 1,640.—^Variable resistance method of regtilation for storage battery; diagram showing 
connections for charging two halves of a battery in parallel. 


The connections for one of the simplest methods is shown in fig. 1,640. 
The battery is divided into two halves, which are connected in series for 
discharging and in parallel for charging. 

Since the voltage of each cell at the end of a discharge should not be 
lower than 1.8 volts, a battery intended for use on a 110 volt lighting cir¬ 
cuit will require 110-^1.8 = 62 cells. The voltage necessary, however, for 
each cell at the end of a charge is about 2.6 volts, or a total of 2.6 X62 * 161 
volts for the battery, a value which is far above the line voltage. 

By dividing the battery into two halves and connecting them in paralle- 
only 80.5 volts are necessary for charging. The excess voltage of the line. 
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29.5 volts is taken up by the resistance, which also controls the output of 
the battery on discharge. 


End Cell Switches.—^These may be used to advantage in small 
installations where there is not demand for current during the 
day, or where the charging is done by means of boosters. 



CHARGING SWITCH 


^IG. 1,641.—Diagram showing coiiiRCtiOiis lor ignition outfit. The charging switch has four 
indications—“Off," “Battery," “Dynamo" and “Charge.” When engine is at rest 
switch is turned to “Off." The first turn brings it to “Baticry," enabling the engine to 
be started. Next turn cuts battery off and puts “Dynamo” direct on engine. The next 
turn brings the switch to “Charge." Dynamo then charges the battery and surplus current 
is stored up. Next turn is “Off," which stops engine and disconnects battery from dynamo. 
Test the dynamo wires with test paper (negative makes mark). Put positive of dynamo to 
positive of battery. Dynamo should be regulated to charge at about four amperes. 

Ques. What is an end cell switch? 

Ans. A form of switch employed in connection with a stor¬ 
age battery in order to control the end cells for regulating the 
voltage. 

Ques. Describe the construction of an end cell switch. 

Ans. This is shown in fig. 1,642. 
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The switch contact arm is made in two parts, A and B, which are insu¬ 
lated from each other as shown, and connected with each other through 
the protective resistance R. The end cell contacts are so spaced that 
when the main current carrying part A. of the switch arm is squarely on one 
end cell contact such as X, the part B, does not touch any other contact 
such as Y, but when the switch arm is advanced for cutting into circuit 



Fio 1,642 —Diagram of end cell switch ThiM form of a witch controls several cells at one end 
of a storage battery and is used for regulating the voltage The requirement of an end 
cell switch 18 that in switching from one end cell contact to another, the discharging circiut 
must not be opened, neither must the moving arm touch one contact before leaving the 
one adjacent, since the joining of two contacts will short circuit the cells connected thereto. 
To accomplish this, the spacings of the two arms and contacts are such that when the mam 
arm A is squarely on an end cell contact, the advance or auxiliary arm B touches no other 
ccHitact, but in passing from one piomt to the next, the advance arm reaches the contact 
toward which it is moving before the mam arm leaves its contact The resistance X, 
between the two points prevents short circuiting, and the current to the mam circuit is 
never broken. 


another end cell, the part B, readies the contact Y, before the part A, 
leaves the contact X, thus keeping the battery arcuit closed, while the re¬ 
sistance R, limits the current in the short circuited cell at the instant the 
switch arm passes from one end cell contact to the next. 

Ques. How should the conductors joining the end cells to 
the end cell switch contacts be proportioned? 

Ans. They must have the same sectional area as the con* 
ductors of the main circuit. 




Storage Battery Systems 


1,151 



Fiq. 1,643 —High voltage charge. End cell regulation. 1, dynamo ammeter; 2, volt meter; 
3, battery ammeter; 4, volt meter switch, 5, dynamo switch, 6, dynamo circuit breaker 
over load and reverse; 7, dynamo field rheostat; 8, battery circuit brewer; 9, battery switch; 
10, discharge end cell switch; 11, charging end cell switch, 12, switches to distributing cir¬ 
cuits. The battery is charged in one series directly from the dynamo, which has a pressure 
range to 155 volts, and the charging current is controlled by the dynamo field rehostat. 
Two end cell switches are required so that the lighting circuits may be supplied while the 
battery is charging, the power voltage for the lamps being obtained by adjusting the posi¬ 
tion of the end cell switch connected to the lighting circuit. This is an overload breaker in 
the battery circuits and an overload breaker with reverse current trip m the dynamo cir' 
cult, the latter protecting the dynamos against overload and reversal of current. 
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The reason for this is that when any end cell is in use, the conductor 
connecting it to the switch becomes a part of the main circuit. An al¬ 
lowance of 1,000 amperes per sq. in., when the battery is discharging at 
the two-hour rate, is considered good practice. 

Ques. Describe some of the features of end cell switch 
construction. 

Ans. Those of small capacity are made circular; the larger 



Fig. l,64i —Diagram of connections of a battery cquioment for a residential lighting plant. 
In the diagram the volt met r and volt m ter connections have been omitted The bni^ 
bars on the batteiy pan 1 are connected directly to the bus bars on the dynamo panel 
In this matallation the dynamos are run duuug thi aTernoon on discharge, b^ing regulated 
by m< ans ot an end c 11 switch Oi charge the pressure above that cf the bus bars, required 
to bring all c Us up to full charge, is supplied by m'»ans of a motor driven charging booster, 
the voltage at the armature being suitably varied by chang^ing the field excitation. 


sizes are made horizontal in form, and both types, may be 
either operated by hand or motor driven. 

Ques. Where are end cell switches of large capacity lo> 
«ated? 

Ans. Generally they are placed as near the battery room as 
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IX)ssible to avoid the cost of running the heavy conductors, 
and when such switches are motor driven, the usual practice 
is to control their operation from the main switchboard. 

In fig. 1,645 is shown the method of regulation with an end switch. 
The diagram shows the battery being charged with the main switch open, 
and the voltage of the dynamo raised to the charging pressure. During 
discharge the cells are connected in series, and as the voltage of each cell 
at the beginning of discharge is at least 2.1 volts, only 52 or 53 cells are 



Fig. 1,645.—End cells witch control for storage battery; connections showing main line open 
when the battery is being charged. 


required to give the desired pressure of 110 volts, but as the discharge 
continues, and the voltage of each cell decreases, the end cells, 1,2,3,4, 
etc., are cut into circuit successively by means of the end cell switch, 
thereby adding to and compensating the drop in the total voltage until, 
at the end of discharge when the voltage of each cell has fallen to 1.8 
volts, the entire 62 cells are in series to supply the required line pressure. 

For a 110 volt circuit, the number of cells required is 110-5-1.8*61, 
and the number in series when the battery begins to discharge is 110-!- 
2.1 =52. Hence, in a 110 volt circuit an arrangement must be provided 
whereby 61—52=9 cells may be cut out or switched in, one by one. 
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The number of end cells for any voltage may be obtained by the fol¬ 
lowing formula: 

E E 

Number of end cells = 

l.o Z«1 

E = voltage of supply circuit; 

1.8 = minimum voltage of cell during discharge; 

2.1 - voltage of fully charged cell. 


Reverse Pressure Cells.—These consist of unformed lead 



Fia. 1,646 .—Diagram showing method of charging a storage battery at one voltage and 
supplying lights at a different voltage. As may be seen, two end cell switches are required. 
The voltage of the supply current is adjusted by the number of cells in scries on switch S', 
while switch S, is moved to cut out cells as they become fully charged. In this instance the 
end cells included between the contact arms of the two end cell switches must be of sufficient 
size to receive the chaiging current, plus the current to the supply circuit. If the battery can 
be charged at times when the dynamo is supplying no other load, only one end cell switch 
is required. 

plates immersed in the ordinary electrolyte of dilute sulphuric 
acid. 

As they have no active material, they possess no capacity, 
but are capable of setting up an opposing pressure of about 2 
volts each to the discharging current flowing through them, 
thereby cutting down the total voltage of the battery, so that 
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the net voltage across the line depends on the number of re¬ 
verse current cells in series in the battery circuit. As the voltage 
of the battery falls during discharge, the reverse pressure cells 
are cut out, successively, thus keeping the external or line 
voltage constant. 


It is obvious, that as these cells do not possess any capacity, the num¬ 
ber of active cells required in the battery will be the same as when end 
cell control is employed. Therefore, the reverse pressure cells represent 
an increase in equipment, which entails an additional expense of at least 
8 per cent. For this reason, and also on account of the fact that the 



, END cat 
i svmcH 



{•'ic 1,647 —Regulation with reverse pressure cells. These celt* are merely lead plates placed 
in an electrolyte of dilute sulphuric aad They have no capacity but set up an opposing 
or reverse voltage of approximately 2 volts per cell if current be passed through them 
In using these cells for controlling discharge, the total number ot active cells m the battery 
will be the same as if the method of end cell control had been used Reverse pressure cells 
represent an increase in equipment of about 8 per cent or more These cells, as shown, 
are connected in the circuit in opposition to the mam battery, and conductors are run from 
each Df them to points on a switch similar to an end cell switch At the beginning of dis¬ 
charge, all the reverse cells are r circuit, acting in opposition to the mam b?ttery. As 
discharge proceeds and the battery voltage falls, the reverse cells are gradually cut out of 
circuit The only advantage in this method of reg^ulation is that the discharge throughout 
the battery is uniform, but this fact alone does not warrant such means of regulation on 
account of the additional expense involved, «ind the energy loss when dischargmg against 
reverse cells is the same as if resistance had been placed in the circuit. 


amount of energy lost in discharging against reverse pressure cells, is the 
same as when the resistance methods of controlling the discharge are em- 
rloyed, the use of cells for this purpose is now practically obsolete. 


Boosters.—In general, a booster may be defined as a dynamo 
inserted in series in a circuit, to change its voltage. It may be 
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driven by an electric motor, in which case it is sometimes called 
a motor-booster. The function of a booster is to add to an 
electric pressure derived from another source. 

For instance, if a storage battery be used in conjunction with one or 
more dynamos to supply current to an electric light installation, the 
battery cannot be charged from the machines which are feeding the lamps, 
because it requires a pressure higher than that required for the lamps to 



Pte. 1,648.—Diagram of Joseph Bijur's storage battery system (General Storage Battery Co.). 
The booster field winding has one terminal connected to the middle point of the battery 
and the oth'^r terminal, to the wire joining the resistances A and B A lever, pivoted at L, 
carries at either end a number of contact points which dip into troughs of mercury when one 
end of the lever moves upward or downward These points arc connected to correspond¬ 
ing points on their respective resistances, and therefore all of the resistances connected 
to contact points w'hich are immersed m the mercury are short circuited The points are 
of various lengths, so that when the kvtr operates, they contact progressively with the 
mercury If more of the A, points than the B, points be immersed in the mercury, the 
resistance of B, is less than that of A, more sections of it being snort circuited Current 
will therefore flow from the middle point of the battery, through the booster field, and 
through B, to the negative side of the system, exciting the booster field and producing a 
booster voltage to charge the battery. Again, if more of the A, points be immersed, the 
A, resistance becomes the smaller, and current then flows from the positive side ^f the 
system through resistance A, throtigh the booster field to the middle point of the battery, 
the field excitation and the booster pressure produced being in a direction opposite to the 
first described, and tending to discharge the battery. When the resistances A and B, are 
equal, there is no pressure to send current in t.ther direction through the booster field coil 
"V^en the load on the external circuit is normal, the lever is in a horizontal position, A and B. 
bemg equal, no current flows through the booster field hence, no current passes into or out 
of the battery. With increase of external load, the pull of the solenoid is strengthened by 
a small increase in dynamo current pcissing through the winding This draws down the left 
end of the lever producing a current in the booster field such ai to discharge the battery and 
assist the dynamo to supply the load demanl A decrease in external load is attended by a 
slight diminution in dynamo current, the solenoid is weakened and the pufl of the spring 
predominates. This results in a downward movement of the right side of tb** lever causmg 
excitation of the booster field to produce a pressure to send charge mto the battery. 
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complete the charge. A small dynamo is therefore connected in series 
with the main machines and the battery, acting in conjunction with the 
former to provide the necessary pressure. 

The power for running such a dynamo is obtained in various 
ways. 

The dynamo or charging booster may be belt driven or arranged on an 
extension of the armature shaft of the main dynamo; again, it may consist 
of a single armature with a double winding (fig. 1,649), or a motor and 



Fia. 1,649.—Typical form of dynamotor. A dynamotor is a combination of dynamo and 
motor on the 8?me shaft, one receiving current, usually of different voltage, the motor 
being employed to di ive the dynamo with a pressure either higher or lower than that received 
at the motor terminals. A machine of the dynamotor form, with its windings exactly alike, 
is often used in three wire systems to balance or equalize the two halves of the circuit. 


dynamo coupled together on one bed plate. Boosters may be divided into 
several classes as follows: 

1. Series bcx)sters; 4. Differential boosters; 

2. Shunt boosters; 5. Constant current boosters; 

3. Compound boosters; 6. Separately excited boosters. 

Series Boosters.—The series booster acts so as to compound 
the battery, and tends to maintain a constant voltage on the 
line, whatever the load may be. 
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Its operation depends on the fact that the dynamo voltage must rise 
and fall with the load. It can, therefore, be used only with a shunt dynamo 
or its equivalent as the source of supply. 



Fig. 1,650—Entz* carbon pile bocwter system OElectnc Storage Battery Co ) The booster 
held winding is connected at one end to the middle point of the battery The other end 
.8 connected to the upper contact pioints of two carbon pile resistances A and B The 
lower end of A, is connected to the negative side of the battery, and the corresponding end 
of B to the positive side This arrangement constitutes in effect a potentiometer If the 
resistance of A, be equal to that of B, there is no pressure m the booster field to establish 
current through it The drop through A + B is equal to the total battery voltage, and 
f A = B, the drop'from either side of the battery through A or B, is one half the total 
drop, hence the end of the booster field winding, connected to the upper ends of A and B, 
18 al:»o at the pressure of the middle point of the battery which is likewise the pressure of 
the other side of the booster field coil Accordingly when A = B there can be no current 
through the coil When the two resistances are unequal, there will be current through the 
booster field, its direction depending on which of the resistances is the less, and its magnitude 
will be proportional to the difference between the two resistances Variations in the pressure 
on a carbon pile causes vanations in its resistance and the solenoid, M, opposed by spring S, 
both pulling on lever L, which rests on the two piles A and B, controls the relative resist¬ 
ances of the two piles to cause charge and discharge of the battery The solenoid wmding la 
in series with the dynamo circuit and when the load is normal the spring pull is just equal to 
the magnet pull, and the resistances of A and B, are equal When external load varies, a small 
but proportional variation m the pull of P, charges the relative resistances of the piles and the 
booster field is energized to produce a voltage to cause battery charge or discharge 


Ques. What use is made of the series booster system? 

Ans. It is suited to power, but not to incandescent lighting 
purposes, being similar in operation to a floating battery. It 
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is not extensively used as the other types give better service, 
under the same conditions. 

Ques. Describe some characteristics of the series booster. 

Ans. It is automatic and adjusts its voltage to produce the 
proper ratio of charge or discharge with varying external load, 
and it also tends to maintain a constant voltage across the line, 
vmder all conditions of change in circuit. 



Fia. 1,651.—Load diagram, showing kind of service to which the shunt booster is adapted. 


Shunt Boosters.—This type of machine is simply a shunt 
(Jlynamo, having its armature circuit in series with the line from 
the main dynamo to the battery. 

A rheostat controls the field excitation. Its function is to send charge 
into the battery. It is used in plants where the battery is not designed 
to take up load fluctuations, but is in service only to carry the peak of 
the load, being charged during periods of light loads and discharged in 
parallel with the dynamo. 

The shunt booster acts to increase the voltage applied to the battery so that 
the charging current will flow into the latter. 
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Ques. How is the battery used with a shunt booster pro¬ 
portioned? 

Ans. Usually sufficient battery is provided to carry the en¬ 
tire load during the light load period. 

Ques. Explain the use of the rheostat controlling the field 
excitation. 



Fiq. 1,652.—Diagram showing usual connections of a non-reversible shunt booster and battery 
system. In charging, the switches A and B, are cloied, and C, put on contact m\ the end 
c^.11 switch D, 18 put on the last contact. Part of the dynamo current will go into the hrve 
and part through the booster into the battery. The charging current is adjusted by the 
field rheostat E. To discharge, throw the end cell switch D, to first contact; next turn 
switch C, to contact s. The battery is then in parallel with the dynamo with all end cells 
cut out. As the voltage of the battery falls, end cells are cut m by the end cell switch D. 

Ans. It is used to vary the booster voltage so £is to hasten 
the charging of the battery if desired. 

Ques. For what service is the shunt booster not suited? 

Ans. It is not adapted to circuits where there are sudden 
fluctuations that are great compared with the capacity of the 
dvnamo. 
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Qaes. What is its action in changing from charge to dis* 
charge? 

Ans. It is not automatic, the switching must be done by 
hand. 



Qnes. How may it be 
need reversibly? 

Ans. It will give a 
pressure to assist the bat¬ 
tery to discharge when 
excited from the bus bars 
and provided with a re¬ 
versing rheostat. 

In this case it will assist 
the battery to discharge 
when the direction of the 
field magnetization is 
changed. When so used, no 
end cells are necessary, but 
the booster must be nm con¬ 
tinuously during the entire 
period of discharge. 


Ques. What should be 
the battery capacity on 
a 110 volt circuit with a 
reversible booster? 

Ans, 56 cells will be 
sufficient. 


Fio. 1.653.—Shunt booster charge, and cell discharge. 1. volt meter; 2. ammeter; 3, under 
lo^ circuit breaker; 4, booster motor circuit breaker; 5, battery circuit breaker. 6, wrft meter 
switch; 7, booster switch; 8, booster motor switch; 9, booster field switch; 10. battery switch; 
11, end cell switch; 12. booster field rheostat; 13. motor starter-14, motor; 15. dynamo 
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The voltage to fully charge is 56 X2.1:) = 146, or 36 volts above dynamo 
voltage. Minimum voltage of discharge — ] .8X56 = 100 volts, or 10 volts 
less than that of the line. Hence, the booster need give only 36 volts 
maximum, and is required to add 10 volts io the batterv voltage toward 
the end of battery discharge. In this case the booster voltage is only 
or about of that required in the preceding case five cells less of battery 
are necessary and the end cell switches and leads are eliminated. 

The machine will be larger, however than it would be if used only for 
charging, because the discharge is unusually greater than that of charge, 
and the current carrying of the armature must be great enough to tak© 
care of the heaviest currents. 



Fig. 1,654.--Diagram of compound booster connections. 


Compound Boosters.—These machines are used on railway 
and power circuits where there are great fluctuations in load, 
the battery acting to prevent excessive drop and to assist the 
generating machinery in carrying the load, relieving it from the 
strain of sudden rushes of current. 

The connections are shown in the diagram fig. 1,654. Under ordinary 
working conditions, the shunt field of the booster creates an electric press¬ 
ure in the same direction as that of the battery, tending to discharge it. 
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When no current is flowing into or out of the battery, the following 
relation exists: 

dynamo voltage = booster voltage-fbattery voltage. 

In this case the dynamo carries the whole external load. If the load 
inctease, the dynamo voltage decreases, so that the booster voltage -f 
battery voltage is greater than the dynamo voltage, and the battery 
begins to discharge. 

In discharging, the current passes through the series field of the booster 
and produces a proportional pressure acting with the shunt field to raise 


TAIL LIGHT SIDE LIGHT 



BATTERY SIDE LIGHT 


Pia. 1,655.—Diagram illustrating storage battery system, as applied to an automobile lor 
lighting. 


the voltage of the booster, thus increasing the battery discharge and 
shifting more of the load from the dynamo, until the system becomes bal¬ 
anced. 

If the load on the external circuit be small, the dynamo voltage rises 
and current flows into the battery. In this case the series field acts against 
the shunt field and decreases the booster voltage so that the pressure at 
the dynamo is greater than booster and battery voltage combined, thus 
increasing the rate of charge of the battery until the load causes the dy¬ 
namo voltage to drop to normal and the system is again balanced. 

The battery and booster can be placed at the power house or where 
the greatest drop is likely to occur. As this system, like the series booster. 
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depends for its action upon the drop of voltage with increase of load, it is 
only adapted to shunt wound dynamos. 

From the foregoing description it will be seen that the compound booster 
is automatic within certain limits of battery cliarge. Any marKed change 
of battery voltage will be followed by a corresponding change in dynamo 
current, unless the rheostat be manipulated to bring battery voltage-f 
booster voltage back to normal. 

While the theoretical dynamo current variation is small for a given 
change of load, there is always a sudden, momentary current rush from 
the dynamo on increase of load, the duration of which is equal to the time 
lag of magnetization of the booster field. 



Fig. 1.656—Diagram of connection of one form of differential booster. In operation, the 
dynamo current passes through the scries winding of the hKxwter, and the current in this 
winding IS to remain practically constant. The shunt coil produces a field which opposes 
the field produced by the series coil, the resulting magnetization being, in direction and 
amount, the resultant of the two field strengths. The adjustments are so made that when 
the normal dynamo current is passing through the series coil, the shunt field just neutralizes 
its effect, and the resultant magnetization is zero. Since the open current voltage of the 
battery is equal to that of the system, neither charge noi discharge takes place. With 
increased demand on the line, the slight increase in dynamo current in the series coil over¬ 
powers the shunt field, and causes a pressure in the booster armature in such direction as to 
assist discharge. If the external load fall below the average demand the current m the 
series coil decreases slightly so that the shunt field predominates, producing a booster 
armature pressure in a direction to assist charge. Although the voltage of the battery falls 
while discharging bv an amount proportional to the outflowing current the increased excita¬ 
tion due to this current through the series coil is also proportional to it, and the booster 
voltage rises as that of the battery falls, their sum being always equal to that of the system. 
In other woids, the booster serves to compound the battery for constant pressure. 
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Lights on a circuit with variable load will "wink” on sudden changes 
of load. In this respect the compound booster is not so satisfactory as 
the constant current booster, as in the latter all dynamo current passes 
through the series fields, which, by reason of their self-induction, oppose 
and check any sudden current rush, giving the booster field time to change 
its magnetization to the proper degree. 

Differential Boosters.—In this type of booster, a series coil 
energized from the main current, tends to discharge the bat- 

C0MPENSAT1N6 



Fig. 1,657.—Diagram of differential booster system vv,lii compensating coil. la operation, the 
compiensatiag field coil of the booster opixjses the shunt coil and preven's the variation of 
the battery voltage disturbing the equilibrium of the system. If the battery pressure be 
lower than normal, it will not discharge rapidly enough to relieve the dynamo from over¬ 
load fluctuations, unless the lxx>ster voltage be increased, and the dynamo will therefore 
have to supply a current greater than normal. If a current greater than normal flow through 
the compensating coil, the effect of the shunt coil opposed by the series coil is decreased, and 
the compiensating coil, acting in the same direction as the series coil, causes a higher booster 
pressure tending to discharge the battery, and thus brings down the dynamo load to normal. 
Should the battery voltage be above its normal value, the battery would discharge too 
rapidly and carry more than its share of the load. In operating this system, the varying 
load must be beyond the booster equipment. The series and compensating coils may be 
temporarily short circuited so that the battery may be charged more rapidly. 


tery, and a shunt coil, excited from the battery, tends to 
ch^ge the cells. 

These two coils are opposed to one another, and the difference in their 
respective strengths represents the net strength available for boosting. 
In order to produce quicker reversal, additional compound coils ai*e some¬ 
times added. 
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Ques. For what service is the differential booster adapted ? 

Ans. It is suited to power and railway circuits where the 
loads fluctuate widely and suddenly. 

There are several varieties of this type of booster, and many patents 
have been issued covering the different methods of varying the voltage of 
the machine 

Constant Current Boosters.—In installations where it is 



Fig 1,658 —Diagram of non reversible or constant current booster system The booster arma¬ 
ture and field are in &.,nes betwetn one side of the lighting and ix)wer bus bars A shunt 
field IS also provided, which acts in opposition to the series field This booster carries a 
practically unvarying current from the lighting to the ixiwer bus bars, regardless of the 
fluctuations of the external load, which current is equal to the average required by the 
fluctuating load Except under abnormal conditions the shunt field always predominates 
givmg a voltage which is added to that of the lighting bus bars, so that the voltage across the 
power buses is always higher than that across the lighting by an amount equal to the 
booster voltage If an excessive load come on the power circuits, the increased excitation 
of the series coil, due to a slight increase in current from the lighting to the power bus bars, 
lowers the booster voltage and consequently reduces the voltage across the power bus bars 
The battery discharges, furnishing an amount of current equal to the difference between 
that required by the load and the constant current through the booster. If the power load 
decrease below normal, the slight decrease in current in the boos<^cr senes field increases the 
booster armature voltage and the excess current goes into the battery The booster, there¬ 
fore, does not in reality give a constant current, but by prooer design the variation may be 
kept within a few per cent 
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desired to supply both an approximately constant load and a fluc¬ 
tuating load from the same dynamos (as for instance, in office 
buildings or hotels, where it is necessary to supply lights and 
elevators from the same source), the fluctuations in the power 
circuits must not interfere with the lighting circuits and to prevent 
this, two sets of bus bars are provided. 




ground 


Fio 1,659 —Battery system with regulation for long feeders, for installation where it is desir¬ 
able to locate the battery at a point remote from the station and avoid any equipment 
requiring constant attention at the battery end The compound wound motor, constant 
current booster IS used and keeps constant the current flowmg through the feeder, the battery 
taking up all load fluctuations. 


The dynamos are connected in the usual manner to one set of bus bars, 
and the lighting circuits are connected across these. Across the other set 
of bars are connect^ the circuits supplying the fluctuating load, and the 
battery is also connected directly across these power bars. 

The power bars are supplied with current from the lighting bars, a 
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non-reversible or so called constant current booster being interposed be¬ 
tween the two as shown in fig 1,658 Since this permits only a constant 
current to pass from the lighting bus bars, the load on the dynamo does 
not vary, although the load on the power buses may vary widely. 


Separately Excited Boosters.—In some forms of booster the 
field excitation is secured by a small exciting dynamo. An 
example of this class is shown in fig. 1,660 



Fig. 1,660 —Hubbard’sceparately excited booster system (Gould Storage Batt ry Co ) diagram 
showing general arr<jigement 


The exciter is provided with a single series coil, through which the sta¬ 
tion output or a proportional part thereof passes The armature of the 
exater is connected to the exciting coil on the booster, and thence across 
the mams as shown 

With the average current passing through the field coil or the exciter, 
its armature generates a voltage which is equal to that of the system^ 


NOTE —Reversible boosters should be used where the average total current to the 
fluctuating load is greater than the batter> discharge current and when the pressure of the 
power bus bars must not fall off with increase m load Electric railway and lighting plan 
havmg long feeders are examples of the syotems to which reversible boosters are suited Non- 
^eversible boosters should be used where the average total load is les^ han the battery dis¬ 
charge current, and where aVlrop in the voltage of the power bus bars 13 of advantage Exam¬ 
ples of such plants are hotels or apartment houses where electric elevators are operated from 
the lightmg dynamos Boosters are usually dnven by electric motors directly connected to 
them though any form of dnving power may be used 




Storage Battery Systems 


1,169 


and in opposition to it. These two opposing pressures balance, and no 
current flo\\s in the booster f.eld coils. 

With an increase in external load above the average, the tendency is 
for an increase to take place through the exciter series coil, augmenting 
its field strength and consequently the exciter armature voltage. This 
latter now being higher than that of the line, causes current to flow in the 
booster field coil in such a direction as to produce a pressure in the booster 
armature which assists the battery to discharge, and is of a magnitude to 
compensate for the battery drop occasioned thereby. 

When the load decreases below the normal, the current in the exciter 
field is decreased, and its armature voltage falls below that cf the system. 
Current wil now flow in an opposite direction in the booster field coil, 
generating a voltage in the booster armature to assist charge. Since the 
exciter aiways generates a voltage in opposition to that of the line, this 
system is known commercially as the counter pressure system. 


TEST QUESTIONS 

1. What provision must be made in power plants when 

storage batteries are not used? 

2. What is the effect of a battery connected in parallel 

with a dynamo? 

3. What is understood by the expression "floating the 

battery on the line?" 

4. Describe the connections and circuit control apparatus. 

5. Name four methods of control for storage batteries. 

6. Describe the regulation by variable resistance. 

7. For what service is variable resistance suitable? 

8. Describe an end cell switch. 

9. How should the conductors joining the end cells to 

the end cell switch contacts be proportioned? 

10. Describe some of the features of end cell switch con-‘ 
struct ion. 
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11 . Where are end cell switches of large capacity 

located? 

12. What are reverse pressure cells vised for? 

13. Describe regulation with reverse pressure cells. 

14. What is a "booster?” 

15. Name six kinds of boosters. 

16. How does a series booster act? 

17. Describe the operation of shunt boosters. 

18. For what service is the shunt booster not suited? 

19. What is a reversible booster? 

20 . Describe the operation of compound boosters. 

21. Describe the differential booster system. 

22 . For what service is the differential booster adapted? 

23. What is a constant current booster? 

24. How do separately excited boosters operate and for 

what service are they adapted? 




Storage Battery Management 


1,171 


CHAPTER 42 

Storage Battery Management 

The Battery Room. —Precautions should be taken to prevent 
any direct sunlight falling on the battery cells in glass jars, as 
the breakage of such jars due to unequal expansion of the dif¬ 
ferent portions of the glass, is a source of constant trouble and 
danger. 

The exclusion of direct sunlight also tends to keep the evap¬ 
oration of the electrolyte at a minimum. 

Every battery room should be provided with a water tap and sink. The 
floor should be paved with vitrified brick, preferably blue or yellow in 
color, of diamond pattern and sloping in all directions toward suitable 
drains. A floor of this type can be easily washed by flooding with water, 
and its patterns tend to keep it dry under foot at all times. Wooden floors 
are rotted very quickly by acid spillings and by the spray. 

The room should be kept absolutely clear of everything which may be 
injured by the sulphuric acid fumes and it should be well ventilated to 
insure the safety and good health of the attendants. 

A battery, even at rest, gives off hydrogen which when diluted with air 
forms a mixture which is very liable to explode if brought in contact with 
any kind of flame. Unless proper ventilation be provided, the breaking of 
the connection when a current is flowing, or the lighting of a bare flame 
lamp in the battery room would be dangerous. 

Battery Attendants and Workmen. —Those employed in 
setting up batteries are liable to suffer from soreness of hands 
and the destruction of clothing unless proper precautions be 
taken to prevent the same. In order to avoid these troubles, 
the boots should be painted with paraffine mixed with an equal 
quantity of beeswax. 
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The clothing should be of woolen material, which, unlike cotton, is prac¬ 
tically unaffected by the add. If cotton shirts be worn, they should be 
dipped in a strong solution of washing soda and then rough dried. 

An apron of sacking, backed with flannel should be worn over all the 
other clothes. A bottle of strong ammonia should be kept in the battery 
room at all times, and in case of an accidental splash of acid on the clothes, 
the immediate application of a small quantity of the ammonia, by rheans of 



IFia. 1,661.—Interior of storage battery room showing arrangement of cells. A, are the cell 
insulators; B, wooden stringers; C, supporting pieces. 


the stopper, will at once neutralize the acid and prevent it burning a hole in 
the material. 

A pail containing water made strongly alkaline with washing soda should 
also be kept conveniently at hand during all operations in the battery room. 
The hands should be dipped occasionally in this water in order to prevent 
.the skin smarting and becoming sore under the action of the acid. 

If a splash of arid should happen to enter the eve. H should be washed 
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at once with clean water, warm water preferably, and then put one or two 
drops of olive oil into the eye. If olive oil be not immediately available, any 
kind of engine oil is better than none at all. 



Fio 1,662.—Portion of a battery room showing Exide battery mstalled on two tier racks. On 
account of the increased weight of the elements and the higher discharge rates required of 
the type cells shown, the plates are shipped loose and the cells assembled on the ground; the 
plates are first placed in the jars and then lead burned to lead bus bars Bus bars used at the 
ends of rows are reinforced by copper bars embedded in the lead in order to provide ample 
conductivity to the terminal connectors 


Points on Care and Management. —In setting up storage 
cells, they should be placed in as few tiers as possible, and in 
such a manner that the direct rays of the sun are not allowed to 
fall upon the cells. 
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The rays of the sun are likely to crack the glass. This is probably due 
to the unequal expansion of the glass, for it has been found that jars which 
are carefully annealed never crack in this manner. Of course, the latter 
precaution does not apply to large batteries, where lead lined wooden tanks 
or solid lead boxes are used. 

In installing plants where expert attendance is not to be had, it is well to 
place in the circuit two magnetic cut outs, one set for maximum current, 
and the other for minimum voltage, so that the battery cannot be dis¬ 
charged too low. 

Ques. How should the cells be placed? 



Fice. 1,663 and 1,664.—Exide bars used with t 3 ri>e cells shown in fig. 1,662. 


Ans. They should be placed as shown in fig. 1,669, on insu¬ 
lators A, resting on wooden stringers B, and supporting pieces 
C, placed on the floor. 

The insulators are usually of glass or porcelain, which in certain patterns 
may be filled with oil, to insure better insulation as shown in figs. 1.169 
and 1,670. 

In setting up a battery, it should be remembered that plates deteriorate 
on standing exposed to the air. They should, therefore, be unpacked 
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and set up immediately on arrival. When they are entirely connected 
up, they are ready for the addition of the electrolyte, and for the forming 
charge, which they should receive immediately. 

Ques. How should the wooden stringers^ shelves, cell 
boards, and trays be treated? 

Ans. They should be thoroughly varnished to insure clean¬ 
liness as well as good insulation. 



Fio. 1,665 —Two complete Exide glass jar cells at end of a row. The illustration is intended 
to show the application of the two type bus bars, illustrated in figs 1,663 and 1,664. In 
OBsembling, the elements (positive and negative groups and separators) are assembled 
in glass jars and supported by lugs resting on the top of the jar The jars are set in sand, 
contained in glass sand trays, in order to distribute the weight, and the cells thus assembled 
are set on wood racks Connections between cells are made by bolting together the tails 
provided for that purpose on the group straps 

Outside of each cell and close to the mouth, melted paraffine should 
be applied by means of a brush, so as to form a band about an inch wide, 
for the purpose of preventing the electrolyte creeping over the top of 
the jar, wetting the outside, and thereby impairing the insulation. 

Qufs What should be done to avoid waste of current by 
leakage? 
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Ans. Each cell of the battery must be thoroughly insulated. 

Ques. What is the effect of verdigris which forms on the 
terminals? 

Ans. It is a poor conductor and should therefore be removed 
and the terminals kept bright and clean to insure the proper 
flow of the current. 

Ques. What precautions should be taken in unpacking 
cells? 




■ 





iX' 



ESB.Cm2B7 

Fig. 1,666. —Interior battery house Boston. Cape Cod and New York Canal Co., Buzzards 
Bay, Mass. 


Ans. The plates should be handled carefully. 

When they are sent out from the factory already built into sections, they 
should be unpacked without disturbing a single plate. In all cases, every 
particle of packing, straw, hay and any chips and bits of parts should be 
carefully removed, and all the dust should be blown out of the spaces 
between the plates by means of a bellows or other similar device. 

Although such particles are good insulators, the action of the 
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sulphuric aad electrolyte carbonizes them, reducing their resistance 
which tends to produce leakage. 

Ques. How should the cells be assembled? 

Ans. In placing the plates or plate sections in the containing 
jars or tanks, care should be taken to see that the supporting 
frame of paraffined wood bears evenly on the bottom of the jar. 

If not, wedges of paraffined wood should be placed under the 



Figs 1,667 and 1 668 —^Views of battery cells and stand A, cable lugs, B bus bars, C, glass 
tanks D, dilates, E, glass ins j1 itors, Q, vitrified brick, O, lead washers Battery cells are set up 
on stands the one shown being built for a 100 ampiere bittery Larger siz s would, of course 
require heavier stands and if space be limited the cells may be sut in rows, one above the 
other However, it is evidently much better to place the cells in single rows, where they 
will be convenient for inspection and repairs or any work that has to be done on them There 
are several other way® of setting a battery one of which is to place the stringers on thu 
floor, on vitrified brick or some other insulator and then place trays filled with sand on the 
stringers, setting the cells in the trays on glass insulators 


frame, so as to distnbute the weight of the section equally Each section 
should be lowered gently into the jar until it rests fainy upon the frame, 
and care should be taken to see that none of the plates have shifted, and 
that the section is situated centrally in the jar, with a small clear space ah 
around 

Ques. How should the cells be arranged? 
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Ans. They should be so placed that the battery attendant 
can see the edges of the plates and consequently the spaces 
between them at the same time. 

Ques. Describe the method of connecting the cells. 

Ans. This is accomplished by means of solder, bolts and 
nuts, or clamps, according to circumstances. 

The use of solder is not essential if there be a good surface of the lead 



Figs 1,669 and 1,670 —Oil insulator, fig. 1,669, general view; fig 1,670, sectional view When¬ 
ever a number of open cells are in use, unless precautions be taken, electrical leakage between 
the cells invariably occurs This leakage is due chiefly to the semi-conducting na^^ure of 
the thin layer of moisture which frequently covers not only the glass containing cells, but 
the ummmersed parts of the elements, and even the shelves on which the cells rest. To 
prevent this waste of energy, the outside of the cells should occasionally be well cleaned 
and thoroughly dried A little vaseline or tallow may then be rubbed over them to ad¬ 
vantage The shelves of supports for the cells, should either be well varnished or coated 
with paraffin wax. Electrical leakage is greatly reduced if each cell be mounted on a glass 
or earthenware insulator, as shown in the illustrations The insulator here shown is m 
two parts and of a mushroom shapie Th • lower cup contains a small quantity of some 
non-evapoiatmg oil, and as the conducted moisture cannot bridge across this, a nearly 
perfect insulating medium is obtained These insulators are made in various sizes and may 
be obtamed in earthenware or glass. Those made of glass are lound to give the best results 


Strip of one cell in contact with that of the next, and provided these contact 
surfaces have been well cleaned. Usually, the ends of the lead strips are 
turned up so that the junction of two cells takes the form of an inverted T. 


Ques. What precaution should be taken in joining the ter* 
minals of the cells? 

Ans. The contact at the junctions should be very thorough, 
otherwise they will become heated when a current is flowing, 
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and it is desirable that the connections should include as little 
lead strip in the circuit as possible, thereby reducing the 
amoimt of useless resistance. 

Brass or gun metal claiTips may be kept dean by brushing them over 
with melted paraffin after they have been screw^ up tightly. When 
thus treated they serve to indicate points of bad contact by heat, gen¬ 
erated at such points, when the current is flowing, softening the paraffin 
and changing its normal color. 


/iQ. 1,671.—Illustrating method of placing plates in glass jars. 



NOTE .—The battery room should be dry, clean, well ventilated and free from metal 
work, also neither too hot nor too cold. Too high a temperature in the battery will shorten the 
life of the plates, and although there is no danger of the battery freezing, a low temperature, 
while it is maintained, reduces the capacity; otherwise cold has no ill effect on the battery. A 
good temperature for the battery room is about 60® F. A damp, dirty room is conducive 
to grounds and surface leakage, and there is danger of impurities getting into the cells. If the 
room be very damp the electrolyte may absorb enough moisture to cause the cells to overflow. 
Strong floors are necessary to support a battery, as one of a 100 ampere, 125 volt capacity 
weighs from 12 to 13 tons. A wood floor may be used, but a cement floor is better, and a glazed 
vitrified brick floor is better still. Wooden floors will rot quickly from the acid, which is sure 
to get on it more or less: a cement floor will be disintegrated if too much acid get on it. This 
kind of floor forms a first class ground if there be any chance for one; the glaz^ brick floor is 
not affected bv the acid and is an iosulaiA*' 
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Vaseline and different kinds of anti-sulphuric acid varnishes, or prepara¬ 
tions that are not attacked by the electrolyte, may also be used for this 
purpose. It is a good plan to color the varnish with vermilion or lamp 
. black and paint the positive connections red and the negative connections 
black, and also other parts of the installation for distinguishing the polari¬ 
ties. 

Condensed Rules for the Proper Care of Batteries.—The 

following general instructions should be followed in the care 
and maintenance of batteries* 



Fio. 1,672.—Michigan Central Railway, Welland draw battery. View of the battery room 
showing automatic pilot cell filler. 


NOTE .—Peroxide of lead, pure oxide or plumbic dioxide is the true active material in 
all forms of lead storage cell. This lead salt is found native as the mineral plattnerite. It is 
a heavy lead ore, forming black, lustrous, six sided prisms. It may be prepared from red 
oxide by boiling it in fine powder, with nitric acid diluted with five parts of water, or b;- /eating 
the carbonate when suspended in water with a stream of chlorine gas, and then thoroughly 
washing and drying it. It is reduced to a lower oxide on heating or by exposure to bright 
sunlight. This salt readily imparts oxygen to other substances; it become.^ heated to redness 
when thrown into sulphuric dioxide, and takes fire when triturated with sulphur—^hence this 
oxide is a common ingredient in lucifer match composition. When used in primary or secondary 
batteries it readily .mparts its oxygen to nascent hydrogen, forming water, and thus it acts 
as a powerful depolarizer. When robbed of its oxygen, it readily becomes reoxidized, if sub- 
iected to the action of nascent oxygen liberated Py the electrolytic decomposition of wat^r. 
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1 A batterv must always be charged with “direct’' current and in 
the nght direction 

2 Be careful to charge at the proper rates and to give the nght amoimt 
of charge, do not undercharge or overcharge to an excessive degree 

3 Do not bring a naked flame near the battery while charging or imme^ 
diately afterwards 

4 Do not overdischarge 

5. Do not allow the battery to stand completely discharged 

6 Voltage readmgs should be taken only when the battery is charging 
or discharging, if caken when the battery is standing idle they are of 
little or no value 

7 Do not allow the battery temperature to exceed 110‘' Fahr 

8 Keep the electrolyte at the proper height above the top of the plates 
and at the proper specific gravity Use only pure water to replace loss by 
evaporation 

9 In preparing the electrolyte never pour water into the acid 

10 Keep the cells free from dirt and all foreign substances, both sohd 
and liquid 

11 Keep the battery and ah connections clean, keep all bolted con¬ 
nections tight 

12 if there bj lack of capacity in a battery, due to low cells, do not 
delay in locating and bnnging them back to condition 

13 Do not allow sediment to get up to the plates 

14 Kepp the tops ot closed battenes clean 


♦NOTE —The voltage increase or decrease with change m current is practically con¬ 
stant in a given type of cell for any size of cell when the current is referred to a given time rate of 
charge or discharge that is the drop in a large cell or m a small cell when each is discharged 
at Its four, SIX or eight hour rate, will be the same The drop vanes somewhat for the con¬ 
dition of the battery charge 

NOTE —How to prevent lead poisoning. Workmen employed in the manufacture of 
lead or lead salts are always liable to lead poisoning both by inhaling the dust and by contact 
of the matenals with the hands Various preventives for this have been employed, and of 
these, the most simple seems to be a careful washing of the hands in petroleuni It is said 
that three washings a day are sufficient to prevent all serious danger of poisoning The ben 
role in the petroleum appeai-s to scour the skin and remove the loose lead dust and the fatty 
substance in the oil fills up the pores of the skin and prove its the absorption of the deleterious 
salts The employment of pietroleum has given such good results that 't has been proposed 
to use this material as a guard against poisoning in other mdustries where the salts of copper 
or mercury are employed 
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TEST QUESTIONS 


1. How should cells be placed in a battery room? 

2. How should the wooden stringers, shelves, cell boards 

and trays be treated? 

3. What should be done to avoid waste of current by 

leakage? 

4. What is the effect of verdigris which forms on the 

terminals? 

5. What precaution should be taken in unpacking cells? 

6. How should the cells be assembled? 

7. How should the cells be arranged? 

8. Describe the method of connecting the cells. 

9. What precaution should be taken in joining the 

terminals of the cells? 

10. What should be the condition of the battery room? 

11. What kind of preparations are not attacked by the 

electrolyte? 

12. Give fourteen rules for proper care of battery. 

13 . How may lead poisoning be prevented? 

14. What is the nature of peroxide of lead, pure oxide or 

plumbic dioxide? 
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CHAPTER 43 

Storage Battery Troubles 

To successfully cope with faults in storage batteries, there 
are two requisites: 

1. A thorough knowledge of the construction and principle 
of operation of the battery, and 

2, A well ordered procedure in looking for the source of 
trouble. 

The faults which are usually encountered by those who operate storage 

batteries are here given. 


Short Circuits.—A short circuit may arise through any of 
the following causes: 

1. Through direct contact between adjacent plates. 

2. Through some conducting material such as a piece of lead, solder, 
spongy lead, or oxide of lead sticking between the plates. 

3. Through direct or indirect contact with the lining of the tank, if lead 
lined tank be used. 

4. Through foreign particles such as wood, straw, fibre, plaster, etc., 
getting into the cells. 

5. Through unintentional touching of lugs on adjacent plates. 

6. Through the accumulation of sediment in the bottom of the jar or 
tank. 

7. Occasionally fine particles which are not noticeable at first may bridge 
across, grow larger, and become short circuits. 
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It is of importance for the satisfactory working of the cells 
that positive and negative plates, and all parts of the same, 
should be completely insulated from one another. 

When a short circuit is su.'iiciently large to allow the dis¬ 
charge of the cell to pass through it, the elements will get into 
an unhealthy condition. 

The indications of a short circuit are low voltage, low specific 
gravity, and the failure of the ceil to gas at the end of the charge. 

As soon as the condition of the cell indicates a short circuit, 
it should be given attention immediately, and the trouble rem¬ 
edied by removing the short, after which the cell should be fully 
chcirged before again being put into service. 

Should the operator suspect trouble with his battery he may discover 
a short circuited cell by the marked difference in color of the plates or 
in the specific gravity of the electrolyte, as compared with the other 
cells. No particular damage will be done, if the trouble be discovered 
and removed before these symptoms become too marked. 

If a foreign substance has become lodged between the plates, it may 
?>e removed by a wooden or glass instiument. 

If some of the active material has scaled off, it may be forced down 
to the bottom of the jar. If excessive sediment be found, the jar and 
plates should be washed carefully, and reassembled. 


Short circuits usually occur through the giving way of the 
wood separators between the positive and negative plates. 
The causes of this may be: 

1. Age of the battery; 

2. The solution allowed to fall below the top of the plates, 
in which case the separators will dry and crumble. 

It is of vita] importance in a battery to have the separatois in good 
condition, and unless a battery be new it will be found advisable to install 
new wood separators whenever a cell is dismantled for reoairs. 
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A short circuit in a cell is indicated when it becomes dead and the solu¬ 
tion cannot be brought up to its proper density by charging, or when the 
cell will not hold its charge. Sometimes, if the separators be renewed, 
the cell will continue to give service. This can be generally determined by 
an examination of the plates. If the plates be hard and solid they can 
probably be used again. If they be soft, pitted and crumbly, new plates 
should be installed or a new battery furnished. 



Flc. 1,673.—^Damaged e.ement from a **dopper** battery. It elmmentm be looee in the jare or 
case be not held down frnnly, the jolting of the car will cause the plates to jump around, 
breaking the sealing compound and causing the paste to fall out. 
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Willard Trouble Chart 



Generator not Charging Properly. 
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Leaky Jars.—If the solution be found to be markedly lower 
in one cell than in the other cells, it indicates that the solution 
has spilled due to failure to tightly replace the vent plug after 
filling, or that the jar has developed a leak. 

When this condition obtains, the cell should be filled to the proper 
height with pure water and the battery should be watched carefully to 
determine the cause. If the questionable cell continue to lose solution to a 
greater extent than do the other cells, it is sure evidence of a leaky jar. 
This jar should be replaced at once to prevent damage to the case. 


Ques. What causes low specific gravity when there are no 
short circuits? 


Ans. 1, stoppage or a leaky jar (the loss having been re¬ 
placed with water alone), 2, insufficient charge, 3, over dis¬ 
charge, or 4, a combination of these abuses. Any of these mean 
that there is acid in combination with the plates. 


In this case the acid should be brought out into the electrolyte by a 
long charge at a quarter of the normal discharge rate. 


A. 

B. 

C. 
0 . 


E. 

F 

G. 


H. 


Needs charging. 
Needs reinsulation. 


BEMEDT 

I. Clean and grease terminals with 
vaseline. 


Replace jar. 

Have work done by Willard Service 
Station or a good battery man. 

Fill only to H above plates. 

Let experienced battery man replace 
the electrolyte. 

Go over the wiring system to find the 
leak. 

Clean battery and the inside of bat¬ 
tery compartment with cloth moist¬ 
en^ in ammonia; this will neutralize 
acid. 


j. Tighten terminals and all connec¬ 
tions 

I. Bum all lights. 

L Give long charge at low rate. 

M. Add water. 

N. If in service for four years replace 
\i^th new battery. 

O. Take ear to motor car dealer for re* 
adjustment and for testing. 


NOTE.— Rtmedg*—To accompany VHUiard Trouble Chan, 
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Worn Out Plates.—If the solution in the cells can quickly 
be brought up under charge to the proper density and only a 
small capacity can be obtained on discharge, the battery is 
worn out, due to age or indifferent material in the plates. 

The above applies to a battery under test and not on the car, as in the 
latter case there may be faults in the lighting and starting system, causing a 
leak from the battery or causing the battery to receive insufficient charge. 


A cell that has been short circuited may be disconnected 
from the battery and charged and discharged several times 
separately which may remedy the trouble. 

Plates that are fully charged are in the best condition for examination 
and repairing. If some of the plates are to be discarded, eliminate any 
short circuits and give the battery a preliminary charge before working on 
the plates. 

Ques. How are internal short circuits indicated? 

Ans. Short circuits in a cell are indicated by short capacity, 
low voltage and low specific gravity, excessive heating and 
evaporation of the electrolyte. 

Ques. How are internal short circuits located? 

Ans. If the trouble cannot be located by the eye, the bat¬ 
tery should be connected in series and discharged at the normal 
rate through suitable resistance. If a suitable rheostat be not 
available, a water resistance may be used. 

This consists of a receptacle (which must not be of metal) filled with 
very weak acid solution, or with salt water in which are suspended two 
metal plates, which are connected by wires through an ammeter. The 
current may be regulated by altering the distance between the plates, 
or by varying the strength of the solution. As the discharge progresses 
the voltage will gradually decrease, and it should be frequently read at 
the battery terminals; as soon as it shows a sudden drop, the voltage of 
each cell should be read with a low reading volt meter. 
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While the readings are being taken, the discharge rate should be kept 
constant and the discharge continued until the majority of the cells read 
1.70 volts; those reading less should be noted. The discharge should be 
followed by a charge until the cells which read 1.70 volts are up, then the 
low cells should be cut out, examined, and the trouble remedied. 

Over Discharge; Buckling.—On account of unequal expan¬ 
sion of the two sides of a plate, or certain portions thereof, the 
strains thus set up may distort it and cause it to buckle or 
warp. 



Fio. 1,674.—Method of straightening a buckled plate. Buckling is caused by the unequal 
expansion of the plates which is due to the sulphate lodging on the plates, thus preventing 
action taking place at that point; and by excessive chargfing. If the plates be not badly 
buckled, they can be placed between 2 boards and with a little pressure can be straightened 
out. 


Buckling is always due to over discharge on either the whole, or some 
portion of the plate. Occasionally buckling may occur with too rapid 
charge and discharge. 


Sulphation of Plates.—During discharge a storage cell de¬ 
teriorates on account of the formation of lead sulphate over the 
surface of the plates. 
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This lead sulphate is the product of the chemical combination of active 
material with the electrolyte. It is an insulator, white in color and of 
greater volume, in proportion than the active material. 

When the discharge is over prolonged, sulphation is evidenced by the 
electrodes becoming lighter in color, because of the sulphate which lessens 
the active surface. 

Ques. Name some causes of sulphation. 

Ans. It is sometimes caused by a too weak or too strong 
acid solution, but more generally by continued over discharg¬ 
ing, or too rapid discharging of the batteries, or by allowing 
them to remain uncharged for long periods of time. 

Ques. What is the effect of sulphation? 

Ans. It tends to cause shedding of the active material, 
buckling of plates, loss of capacity, increase of resistance and 
consequent reduction of efficiency, and increase of temperature 
with flow of current. A sufficient amount of lead peroxide and 
sponge lead must be retained on the plates to reduce this re¬ 
sistance, otherwise the charging current cannot flow through 
the active material and regenerate the battery. 

Ques. What should be done in case of sulphation? 

Ans. Charge the battery below the maximum rate, neces¬ 
sarily prolonging the charge, imtil the plates assume the proper 
color. This is a tedious task, but it must not be hastened, as 
rapid charging will cause serious buckling. 

NOTE —Bow to destroy acid vapor in storage battery rooms. The best remedy is a 
good system of thorough and rapid ventilation, failing this the evil effect of the acid may be 
minimized by the fumes of a powerful elkali such as ammonia, which will readily combine with 
the sulphuric zicid to form sulphate of ammonia, an inert and harmless salt If the use ol 
liquid ammoma be objectionable, the granulated carbonate of ammonia will do equally well 
The ammonia fumes are best obtained by placing dilute ammonia m shallow dishes, so that an 
extensive evaporating surface is obtained In the same way the corroding dew which is so 
frequently deposited on the lugs and connectors of storage battery elements may readily bo 
neutralized by the application of a solution of ammonia, or even common washing soda A 
food method of protectmg metal work in battery rooms is to smear it over evenly with vaseline 
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The charging should be done at low rates. Discharge should not be 
carried below 1.8 volts per cell, and the charging current should be stopped 
when each cell shows 2.4 volts 

If the plates be in a very bad condition, a little of the white sulphate 
deposit on each of the positive plates may be removed with a stick, thus 
eicposing a part of the good surface to the action of the electrolyte. 



Fig. 1,675,—Example of badly buckled plates. 



Fig. 1,676.—^Effect of over discharge in bulging out the active material. 


If the positive plates cannot be restored to their proper color as di¬ 
rected, it is cheaper to replace them by a new set, rather than to attempt 
their recovery by means of reversals. 

Lack of Capacity. —This is usually due to the clogging of 
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the pores in the plate with sulphate which is invisible because 
the surface of the plate is maintained in proper condition but 
the interior portions of the active material have not been thor¬ 
oughly reduced. To correct this condition, the battery should 
be given a prolonged overcharge at low current rates, say about 
one fourth the normal 8 hour charging rate. 

Positive cells are sometimes considered defective if the cells will not 
take a charge or they show lack of capacity, especially if they seem to be 
hard. This condition is sometimes due to new separators which have not 
been allowed to become saturated with electrolyte before starting the first 
charge. 

Ques. What action takes place when a battery stands idle 
for some time? 

Ans. It loses part of its charge, due to local losses in the 
cells. 

Ques. How should baiteries be treated, when used but 
occasionally? 

Ans. If a battery is not to be used for several days, it should 
first be fully charged before standing, if it continue idle, a 
freshening diarge should be given every two weeks, discon¬ 
tinuing the charge when the cells begin to gas freely. 


NOTE .—Oxide of lead, litharge, or plumbic oxide is sometimes found native as lead 
ochre, and may be artificially made by heating the carbonate or nitrate. It is usually prepared 
on a larger scale by heating the lead in air. When the metal is only moderately heated, the 
oxide forms a yellow piowder which is known as massicot, but at a higher temperature the oxide 
melts, and on cooling, it forms a brownish scaly mass, which is called flake litharge. The scaly 
pieces are afterwards ground between stones under water, forming buff or levegated litharge. 
The litharge of commerce often has a reddish yellow color, due to the presence of some of the 
red oxide of lead, and frequently from one to three per cent, of finely divided metallic lead is 
found mixed with it. When heated to dull redness litharge assumes a dark brown color, and 
becomes yellow ^in on cooling. At a bright red heat it fuses and readily attacks clay cruci¬ 
bles, lorming silicate of lead. Litharge is a most powerful base, and has a strong tendency to 
form b^ic salts. Hot solution of alkalies, as potash or scxla, readily dissolve it. and on cocking 
crystalizea out in the form of beautiful pink crystali. 
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Ques. What should be done in case of lack of capacity? 

Ans. If the current consumption be normal, there may be 
poor connections or trouble in the battery; there may be a dry 
cell, due to a leaking jar; some or all of the cells may be in a 
state of intomplete charge, due to the battery having been run 
too low and not sufficiently charged, or the plates may be short 
circuited, either by the sediment (deposit in the bottom of the 



Fia. 1,677.—Home made water resistance or rheostat for discharging battery. 


jar) getting up to the bottom of the plates or by something 
that has fallen into the cell. 

Positive plates should be examined for buckling (warping) and washing 
out of the material. If the plates be buckled so much that the element 
will not go bSick into the jar they must be discarded. Negative plates 
are not affected by abuse as readily as the positives. In the last stage 
of extreme sulphation of negatives in which the material deteriorates into 
what mav be described as a mushy condition, usually resulting fron 
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adding add to the cells, there is no treatment known that will restore 
cells which have been abused in this manner. 

ManifestationB of Proper and Improper Battery Operation. 

—It is easy to determine the condition of the battery by looking 
at it, assuming the observer know what to look for. In ex¬ 
amining a new battery fully charged, the following will be 
noted: 

1. There will be a little sediment in the bottom of the jars, but not 
much more than the thickness of a piece of paper. This may be white. 



fta. 1,678.—^Undercharged battery. During the process of recharging a battery which had 

been in an under charged condition long enough for the plates to turn lighter in color, there 
will be deposited in the bottom of the jar a thm layer of fine white powder as shown 


gray, light brown or dark brown, but in any case it is of no consequence. 
The electrolyte should be at the proper height In all of the cells, that is 
about halfway between the tops of the wood s^iarators and the bottoms of 
the covers. 

2. The negative plates should be dark gray and the surface of the outside 
negative plates 8lK)uId be a uniform color. 
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fhcs. 1,679 to 1,682.—Battery manifestations. If a battery be recharged very slowly so that 
there is no gassing to cause the electrolyte to circulate, the white deposit (shown in fig. 1,678 
will settle down in little ridges as shown in figs, 1,679 and 1,680. This deposit of fine white 
powder is the indication tha . the battery had been allowed to stand for some time in an under 
charged condition before being recharged. If the battery had been allowed to stand in an 
under charged condition once and then recharged there would be one layer of fine white pow¬ 
der in the bottom of the jar. If the treatment were repeated there would be an additional 
layer of fine white powder for each recharge which followed a prolonged period of under 
charging. This is illustrated by the different layers shown in figs. 1,681 and 1,682. When this 
battery was put into service it was discharged and overdischarged. It was then given a par¬ 
tial charge and discharged again until it would not produce any more current. 'Hiis was re¬ 
peated time after time as shown by the number of layers of fine white sed'ment The battery 
had a short life and the service was not satisfactory even while’t did last. An imdercharged 
battery cannot give satisfactorv 'v'rvice. 
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3. The edges of the positive plates should be very dark brown and 
should have a fine smooth soft looking texture. Remember that it should 
be a very dark brown. Some would call it a chocolate color. 

Charging and Discharging.—^Some of the different ways a 
battery may be charged and discharged and the effects of each 
may now be considered. A battery may be: 

1. Undercharged; 

2. Overcharged too much; 

3. Charged properly; 

4. Discharged too low. 

Undercharged.—If a battery be discharged a normal amount 
there is no very perceptible change in the color of the plates. 

If the battery be allowed to stand in a discharged condition or if it be 
only partially recharged and allowed to stand in this condition a short 
time, both the negative and the positive plates will turn slightly lighter 
in color although the texture of the plates will remain the same for some 
time. 

If the undercharging be continued, that is, if the battery be not given 
an overcharge, the negative and positive plates will both turn considerably 
lighter in color in a few months. Carefully noting the colors, a slight 
change in even a few weeks will be seen. Any tendency of the plates to 
turn lighter in color is an indication that the battery is being under^arged. 

Ques. How should weak cells be treated? 

Ans. They should be grouped by themselves and charged 
as a separate battery, care being taken that the positive strap 
of one cell, is connected to the negative strap of the adjoining 
cell and that the charging connections are properly made. If 
there be not sufficient resistance in the charging rheostat to 
reduce the current to the proper point, a water resistance 
should be used. 

Overcharged Too Much.—If a battery be not allowed to 
stand in a discharged or partially discharged condition for more 
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than a week before being recharged and each recharge is 
carried to completion, there will be no fine white sediment in 
the bottom of the jar. 

The negative plates will always be a dark gray and the positive plates a 
dark brown. When a battery is being overcharged the sediment thrown 
down is from the positive plates, and is dark brown and very fine. As it is 
always necessary to overcharge a battery to some extent, the throwing 
down of this fine dark brown material from the positive plates is unavoid¬ 
able. Therefore, a space is provided in the bottom of the jar for this sedi¬ 
ment to accumulate. The rate at which it accumulates depends on the 
amoimt the cells are gassed. 

If a battery be overcharged at a low rate and the overcharge be not 
continued too long each time, the sediment will accumulate very slowly. 
W’hen the overcharging is well regulated, the sediment space will hold the 
accumulation during a period of 5 to 8 years. The sediment space is 
about inches deep and if the overcharging v/ere regulated so that the 
sediment would be thiovn down at the rate of of an inch a year, the 
space would hold the accumulation of seven years. It is therefore well to 
watch the rate at which the sediment accumifiates. 

If there be no fine positive sediment at all, it is probable that the battery 
is not being overcharged sufficiently. If the accumulation of fine positive 
sediment be greater tMn inch per year, it indicates that the overcharges 
are given at a rate which causes too much gassing. 

A moderate amount of gassing is hard to describe, but is about the same 
as that given off from a freshly poured glass of soda water. 

Charged Properly.—It may be possible to charge a battery 
exactly the right amount, but any attempts to do so would 
require very careful measurements and very close watching, 
and even then it would be difficult to determine the exact in¬ 
stant the charge was completed. From this it seems necessary 
to either undercharge or overcharge. 

If a battery be undercharged, little or much, the service will be unsatis¬ 
factory and the life short. If a battery be overcharged, little or much, the 
service will in either case be highly satisfactory as long as the battery lasts 
and the wear on the plates will be in proportion to the amount of over¬ 
charging. Therefore, to make it give satisfactory service, a battery must 
be given the regular overcharge, and to make it give a long life, it must bd 
overcharged as little as possible so long as it is overcharged. 
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Discharged Too Low.—There is no perceptible wear on a bat« 
tery during charge as long as the charging current is kept 
below the gassing, point. The wear begins with the overcharge, 
that is, with the gassing, and the amount of wear is determined 
by the excessiveness of the gassing. 

Likewise there is no perceptible wear during the normal discharge of a 
battery but if it be overcharged, the life of the battery will be affected. 
When a battery is discharging, the chemical action which produces the 







Ftg. 1,683.—Battery discharge too low. If the battery had been fully charged J\ist previous’ 
to the over discharge, the additional lead sulphate would make room for itself by causing the 
active material of the negative plates to swell out beyond the surface of the grid as shown in 
fig. 1,684. A swollen negative plate always indicates that the battery has been over dis¬ 
charged, and also that it was fully charged just previous to the over discharge. 

current causes at the same time the formation of lead sulphate in thf^ 
pores of the plates. 

This lead sulphate occupies considerable room, and as the discharge 
continues the accumulation of lead sulphate fills the pores throughout the 
plates. At this point the discharge should be stopped as the battery has 
delivered its normal capacity, which is indicated (when the discharge is at 
the normal or higher rates) by a tendency of the battery to slow up a little 
in the production of electricity. 
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Under average conditions the battery is discharged at less than the 
normal rate, and there will be no perceptible slowing up in the production 
cf electricity, and it will therefore be necessary to determine the end of the 
discharge by taking the gravity of the solution as prescribed by the manu- 
facturer. 

If a battery be allowed to discharge more than its normal or rated capacity 
the over discharging will form more lead sulphate in the pores of the plates 
than they will hold and this additional lead sulphate will make room for 
itself as explained in fig. 1,683. 

Diagnosis of Battery Conditions.—It is not always convenient 



Fiq. 1,684.—Battery under charged for long interval. If the battery had been under charged for 
some time (sufficiently long to allow the plates to become hard) and then over discharged, 
the additional lead sulphate formed during the over discharge would make room for itaelf 
by blowing out the little granular chips of active material, leaving the plate in a pitted condi¬ 
tion as shown in fig. 1,683. Again, the additional .ead sulphate from over discharging may 
make room for itself by buckling the plates or cracking the grids. Therefore, a pitted plate, 
a buckled plate or a cracked grid always indicate prolonged under charging follow^ by 
over discharging. 


to watch a battery long enough to see the development of dif¬ 
ferent conditions, but it is often desirable to take a battery 
after it has been in service for some time and from what is left 
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find out the treatment it has received. To do this systematically 
look for the conditions which will enable you to answer the 
following questions: 

1. Is the electrolyte at the proper height in all of the cells? 

2. Are all of the plates and separators in proper position? 

3. Are the negative plates light gray, dark gray or dark gray with white 
powder on the surface? 

4. Are the negative plates cracked, buckled, or is the active material 
falling out in lumps? 

5. Are the negative plates blistered? 

6. Is the active material of the negative plates swollen out beyond the 
surface of the grids? 

7. Is there a mossy deposit on the tops of the negative plates? 

8. How much sediment is there in the bottoms of the jars? 

9. Is the sediment dark brown, light brown, gray or white? (If the 
sediment be deposited in layers of different color, note the amount and color 
of each, beginning at the bottom. Note also whether the layers be com¬ 
posed of fine or lumpy material. 

10. Are the positive plates dark brown or light brown? 

11. Are the positive plates cracked, buckled, or is the active material 
falling out in lumps? 

To make application of some of the foregoing, note the con¬ 
dition of the cell shown in fig. 1,685. 

Sometimes a single observation will tell a story by itself but more often 
it is necessary to combine several observations 

Combining the answers to questions 3 and 4 (in fig. 1,385) it 
will be noted that 3, the negative plates are of a light gray 
color, that 4, the negative grids are cracked, buckled and the 
active material is falling out in lumps. 

The light color indicates prolonged under charging. That is, some of 
the sulphate had been allowed to remain in the plates until they became 
lighter in color and at the same time they became hard. If the plates were 
accessible while in this light gray condition and the surface scratched with the 
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point of a knife, it would sound like 
scratching hard cement. While in this 
undercharged and hardened condition, 
the battery was over discharged. The 
over discharging, that is, the forming of 
more than a normal amoimt of sulphate, 
tended to make the active material ex¬ 
pand but as the material was too hard to 
expand by stretching, it expanded by 
buckling and cracking the grid. 

Further over discharging formed still 
more sulphate which made room for itself 
by pushing the material out in small 
granular lumps as shown sticking out 
from the surface of the negative plates. 
Also, some of the lumps have fallen to the 
bottom of the jar as shown in answer 
to questions 8 and 9. 

To continue operating in the same way, 
the active material of the negative plates 
will continue to disintegrate into light 
gray granular lumps until the entire mass 
is in the bottom of the jar or lodged in 
the meshes of the grids. The proper 
operation of the cell will restore it to 
practically full capacity and greatly pro¬ 
long its life. To do this, the battery 
should be given a full charge at a rate 
low enough to avoid hard gassing. This 
may require 75 to 100 hours. Thereafter, 
charges may be given at the normal rates 
although the charges should be continued 
a little longer each time than in the past. 


Fia. 1,685,—^Storage cell with edge of jar bitten away so that condition of interior can be noted. 
Observe: 1, all of the plates and separators are in.prQf>er position; 2, the negative plates are 
light gray; 3, the negative plates are cracked, buckled and the active material is falling out in 
lumps: 4, the negative plates are not blistered; 5, the active material of the negative platea 
is not swollen out beyond the surface of the grids; 6, there is no mossy deposit on the tops 
of the negative plates; 7, there is about H of an inch of sediment in the bottom of the jar; 8, 
the sediment is light gray and lumpy; 9, the positive plates are light brown; 10, one positive 
plate is slightly cracked, none are budded and the active material 48 not falling out m lumps. 




1,204 


Storage Battery Troubles 



When the charge is com¬ 
pleted the active material of 
the negative plates will be 
restored to a soft spongy lead 
which will have a dark gray 
color. Of course the charging 
will not straighten the buck¬ 
led plates nor heal the cracks 
in the grids, but there is 
enough conductivity left in 
the grids to carry the current 
Jif for normal discharge rates. 

Referring to questions 
8 and 9, the sediment in 
the bottom of the jar is 
not great, but there 
should never be any gray 
lumpy sediment at all. It 
indicates prolonged un¬ 
der charging followed by 
over discharging and al¬ 
though the amoimt of 
sediment in the cell is not 
• great, yet the plates are 
in a condition to throw 
down more gray liunpy 
sediment very rapidly 
under the past method 
of operation. 


Fia. 1,686.—Second apecimen cell for study. Observe: the electrolyte is at the proper height; 
2, the plates and separators are all in proper position; 3, the negative plates are light gray; 4, 
the negative plates are not cracked or buckled but the active material is beginmng to fall 
out as shown at the bottom of the plate; 5, the negative plates are not blistered; 6, the active 
material of the negative plates is swollen out beyond the surface of the gnd; 7, there is a mossy 
deposit on the tops of the negative plates; 8, there is about IH in. of sediment in the bottom 
of jar; 9, in the bottom, just on top of the sealing compound, is about in. of fine white 
sediment. On top of this is about 1 in. of fine brown sediment, and on the top about H in. 
of light gray lumps; 10, positive plates are light brown. 11, the positive plates are neither 
cracked nor buckled but the poynve material has begun-to f^Il oat u.V-mos 
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In questions 10 and 11 it was noted that the positive plates 
are of a light brown color and that one positive plate is slightly 
cracked. 

The light brown color indicates undercharging and the cracked grid also 
indicates under charging followed by over discharging. To continue under 
charging and over discharging would cause the positive plates to turn a little 
lighter in color. The grids would crack more, probably buckle and the 
active inaterial would crack and fall out in lumps. Proper operation as 
already outlined will restore the positive plates to a dark brown color and 
the cracks in the grids will not interfere with discharging the battery at 
normal rates. 


To make further application of the same questions, note the 
condition of the cell shown in fig. 1,686. 

In reviewing the condition of this cell shown in fig. 1,686, note that it 
left the factory fully charged, the negative active material being in a soft 
tough, spongy condition. When in this condition the cell was over dis¬ 
charged, that is, it was fully discharged and after standing a short time was 
discharged some more and the process repeated until more lead sulphate 
was formed in the plate than it would hold, thus the extra sulphate made 
room for itself by swelling out the active material as shown. 

Swollen negative plates always show that just previous to the over 
discharge the negatives had been fully charged, otherwise the over discharge 
would not have made them swell but buckle and crack. 

The cell was later allowed to stand for some time in a fully or partially 
discharged condition during which time the sulphate inside and on the sur¬ 
face of the plates turned white. This was followed by a recharge whidi 
broke up the white sulphate within the plates, but the sulphate on the 
outside of the plates was thrown off and settled to the bottom of the jar 
making the thin layer of white sulphate shown just on top of the sealing 
compound. 

The above recharge and subsequent recharges were given at a high rate 
especially at the finish when the rate should be low. This high rate at the 
eiid of charge caused the cells to gas hard over a long period thereby throw¬ 
ing down the deep layer of brown positive sediment. This hard gassing is 
further shown 7, by the mossy deposit on the tops of the negative plates. 
This excessive amount of gas coming up through the separators in the 
grooves next to the positive plates washed some of the ^active material 
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from the posicive plates. This upward circulation carried some of the loose 
positive material up above the plates. It could not settle on the tops of 
the positive plates because of the upward circulation at that point, but the 
material went over the tops of the wood separators and settled on the tops 
of the negative plates where there was no circulation, and as soon as this 
loose positive material touched the tops of the negative plates, it was con¬ 
verted into spongy negative material as shown. Whenever there is a mossy 
deposit on the tops of the negative plates, it indicates that at some time 
the battery had been made to gas hard. 


TRANSFORMER \/0LTA6E 



Fig. 1,687.—Diagram illustrating principle on which a storage battery is charged on a Tungar. 
In operation, one cycle of half wave rectification is shown. On the upper half of the cycle 
when the transformer voltage exceeds the battery voltage as at A, the bulb anode becomes 
positive making the bulb conductive, and the charging current flows through the battery. 
When the transformer voltage falls below the battery voltage as at B, the bulb is no longer 
conductive and the charging current ceases on the lower half of the cycle the transformer 
vintage adds to the battery voltage and since the anode does not become positive, the bulb 
cannot conduct the current. 


In question 11 it was noted that the positive active material 
has begun to fall out in lumps. 

This indicates that the battery was again allowed to stand in an under 
charged condition which allowed the sulphate to harden and further dis¬ 
charging caused the active material to begin to fall out in lumps. To con¬ 
tinue operating the cell as before, that is, to allow it to be under charged, 
over discharged and recharged at excessive rates, the active material 
would, in a short time, accumulate in the bottom of the cell. If the cell 
were given a long charge at a low rate, the negative plates would be restored 
to a dark gray spongy lead and the positive plates to a dark brown. The 
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cell could afterward be charged at normal rates. Two or three years more 
service could be expected. With proper care from now on, the cell can be 
made to give ten times the service it would have given under the previous 
method of operation. 

Capacity.—The capacity of a storage battery is the product 
of the current drawn from the battery, multiplied by the number 
of hours the current flows. The unit in which it is measured is 
the ampere hour. 

Numerous factors enter into the determination of capacity, principal 
among which are area of plate surface; quantity, arrangement and porosity 
of the active material used in the manufacture of the plates; quantity and 
density (specific gravity) of the electrolyte used; and the porosity of the 
separators. Temperature also plays an important part, and its effect cn 
capacity is shown by the curve in fig. 1,728. 

Charging Characteristics.—^The charging characteristics of a 
battery have very little effect on the ability of a battery to 
perform a given day’s work, provided only that the battery is 
given enough charge. Violent abuse of a battery by improper 
charging may at first in no way ziffect the daily operation; in 
fact, the necessity for doing a day’s work usually results in the 
battery receiving enough or more than enough, charge to 
enable it to do the required work, if that be within its capacity; 
but the charge may be given in such a way as to materially 
reduce the life of the battery and yet this abuse be entirely 
unnoticed until after the damage has been done. 


NOTE —^The S A E. standard hand book provides two methods of rating the capacity oi 
farm lighting batteries, the continuous rating and the intermittent rating The continuous 
rating is the capacity in ampere hours of the battery when it is discharged continuously at th i 
eight hour rate. For instance, a battery havmg a capaaty of 100 ampiere hours at the eight 
hour rate will produce a current of 12 5 amperes for a period of eight hours continuously, when 
discharged to a final voltage of 1 75 volts per cell. The intermittent rating is the capacity m 
ampere hours when the battery is discharged mtermittently over a period of seventy-two hours 
to a final voltage of 1 75 volts per cell. Using the intermittent rate of discharge, the capacity 
ic approximately 40 per cent greater than that shown under the eight hour rate. 

NOTE.—^Lighted cigars, cigarettes, matches, candles or a flame or spark of any kind 
must never be allowed near the battery while it is charging. 
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TEST QUESTIONS 

1. Describe a storage cell. 

2. Name the different types of storage cell, and de¬ 

scribe each. 

3. What is the comparison between the different types? 

4. How is the electrolyte compared? 

5. How should the acid and water be mixed? 

6. What is the density of a fully charged cell? 

7. How are connections made in charging? 

8. Describe in great detail the method of charging. 

9. What are the charge indications? 

10. What indicates the completion of a charge? 

11. What voltage should be used in charging? 

12. What is "boiling" and what causes it? 

13. How are cells charged from 110 or 220 volt circuits? 

14. Describe the method of charging a new battery. 

15. What may be said with respect to high charging 

rates? 

16. Define ampere hour. 

17. How may the capacity of a battery be increosea? 

18. How should a battery room be arranged? 

19. Give numerous points on care and management. 

20. How is the positive terminal determined? 

21. What is buckling? 

22. Give some causes of sulphation. 

23. What should be done in case of sulphation? 

24. What is the cause of lack of capacity? 

25. How are batteries taken out of commission? 

26. Give twelve rules for the proper care of batteries. 

27. What are the indications of proper and improper 

battery operation? 

28. Give seven causes of short circuits. 
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CHAPTER 44 

Battery Charging 

Charging. —^Before beginning to charge a storage battery, it 
should be gone over carefully, and any cell that is not uo to the 
standard should be disconnected and put in working order 
before being replaced. 

In general, if the current used in charging be too large, it mil waste 



Fio. 1,688.—Method of reading ammeter when the current is unsteady. Owing to the irreg* 
ularity of the explosion in a hit-and-miss engine, it is almost impossible to maintain a Bteady 
reading of the ammeter, as the ammeter hand will swing forward at each impulse of the 
engine and drop back until the next explosion. In this case, adjust the rheostat so that the 
ampere reading will be equal to the designated charging rate. If the hand oscillate for in* 
stance, between 5 to 15, the current value is H (5-}-15) »«10 amperes. 


energy by evolving an excess of heat and gas; if too small, an insulating 
deposit of white lead sulphate will be formed on the positive plate, thereby 
preventing the formation of the proper amount of lead peroxide. 


Object of Charguig .—The acid absorbed by the plates during 
discharge is, during charge, driven from the plates by the charging 
current and restored to the electrolyte. This is the whole object cf 
charging. 
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Dynamo Connections for Charging.—The dynamo cable con> 
nections may be made either before or after filling the cells. In 
making these connections great care should be taken to be sure 
that the positive terminal of the battery is connected to the posi¬ 
tive lead of the dynamo, and that the negative terminal of the 
battery is connected to the negative lead of the dynamo. 

In order to insure that the wrong connections are not made accidentally. 



1,689.—Dynamo connections for charging. Connect -f to -f and — to — aa shown. Thi» 
diagram shows only the order in which dynamo is wired to battery, and not the protective 
devices, such as switches, fuses, rheostats, etc. which should be included in the circuit. 


the dynamo leads should be tested by a pole tester, and the positive and 
negative poles marked red and black respectively. 


NOTE.—To determine the positive wire. Without a volt meter, the positive terminal 
of the charging circuit can be determined by attaching a piece of clean lead to each wire which 
is to be connected to the battery, and immersing them, without touching each other, in a 
or other insulating vessel containing water to which is added a drop or two of sulphuric 
After the current has passed through the circuit for a short time, the positive lead will 
commence to discolor, and, if left long enough, will turn brown. Bubbles will arise from the 
two terminals immersed, the larger and more frequent ones being from the negative, the 
smaller ones from the positive. 
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The polarity of the dynamo wires being determined, they may be joined 
to the proper terminals by means of suitable clamps or by solder. 

Wherever possible the d 3 mamo should be of the direct current, shunt 
wound, or special compound type, but in cases where only alternating 
current can be obtained, suitable rectifiers or converters sh^d be used 
for changing it to direct current. 


Cell Connections.—^The cells may be connected together 
either in series or parallel, or in parallel-series or series-paral¬ 
lel combinations, according to the requirements, but in all cases 
it is best to use the simplest arrangement practicable. 



CTxq. 1,690. —Diagram illustrating method of charging with lamps in parallel on direct current 
circuit. 


Pro. 1,691.—Diagram illustrating method of charging with rheostat on direct current drciiit. 


For instance: if the cells employed in an installation requiring 110 
volts, have only half the capacity required, and 55 cells give the desired 
volta^ then the number of cells must be increased to 110, and theo¬ 
retically the required number of ampere hours at 110 volts may be obtained 
in one of two ways; 1^ by connecting the cells in pairs in parallel and 
then coupHng the pairs together in series, and 2, by arranging the 110 
cells in two complete batteries of 55 cells eadi- connected in series, then 
coupling the two batteries in parallel. 

The first method is quite impracticable, however, as the slightest differ¬ 
ence between the voltages of the two cells of any pair will result in the one 
having the greater pressure discharging into the other, thereby causing the 
entire battery to quickly deteriorate. 
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Qnes. How should a battery be charged for the first timel 

Ans. It is essential that the current be allowed to enter at 
the positive pole at about one-half the usual charging rate pre¬ 
scribed, but after making sure that all necessary omditions 
have been fulfilled, it is possible to raise the rate to that pre- 
xiribed by the manufacturers of the battery. 

-fc- t o AM P._ wf 



Fio. 1,692.—Connections and. current required for charging two batteries in 9 €rie 9 , 

Fio. 1,693.—-Connections and current required for charging two batteries in paraiimL 
The current conditions indicated in the illustration obtain only when the batteries are in the 
same condition as to charge. Of course the actual current passing through each battery will 
depend upon the respective battery voltage and charging ventage. 
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Fi<i. 1,694.—Charging several batteries, rheoatatie control. The trays are first ear me eUd tn 
series. The current flows from the positive wire of the current supply^ into the positiee terrmmai 
of the first tray {in this case on the right); through the positive and out the negative of each celt 
and each tray in turn and returns to the currerd supply from the negative of the last cell. The toft 
meter is connoted between the resistance and the battery in order to show 
battery voltage. 

Fio. 1,615.—Discharging several batteries; umtor rheostat controL 
The flow of the rurrent is regulated by moving the lead i^tes back 
and forth in the water. Moving the p'.ates apart will dMjease the 
current, while moving them together, or adding a little more elec¬ 
trolyte, will increase the current. At all times during the discharge 



great care must be taken not to allow the plates to get near enough 
together to touch. The trays are connected in series. Up<m closing 
the switch, current flows from the positive of the first tray, through 
the switch to one side of the water resistance; through the acidulat^ 
water to the other resistance plate and back through the ammeter 
and switch to the negative of the last trav. 
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Ques. What is the usual period for charging a new battery? 

Ans. With several of the best known niakes of storage bat¬ 
tery the prescribed period for .the first charge varies between 
twenty and thirty hours. 

Ques. How is the electrolyte affected by the first charge? 

Ans A change of specific gravity occurs. The specific grav¬ 
ity should be about 1.150 when the solution is poured into the 
cells. 



Fta. 1,696.—^Diagram illustrating method of charging storage battery of stationary gas engine 
ignition system; the system is simple to install and will give satisfactory results. Two 
storage batteries are used, one being charged while the other is operating the sparking coil. 
Where charging current is available at the point where the batteries are used, the 
diagram shows the system of connections, which can be easily followed. A, r».presents the 
source of charging current ai»d B, the bank of lamps (or other resistance, such as an ordinary 
rheostat) sufficient to cut down the charging voltage to that required by the battery. C 
and D, are two double pole double throw knife switches connected at their hinges to two 
batteries £, each consisting of a group of cells. G, represents the leads to the sparking 
ing coil terminals. From the diagram, it will readily be seen that by throwing the switches 
in opposite directions one battery will be charging while the other battery is discharging to 
the engine, thus giving a constant source of supply, and insuring that the spare battery will 
be full and ready for service by the time tl\e other is discharged. 


At the completion of the first change, it should, on the same scale be 
about 1.225. If it be higher than this, water should be added to the 
solution until the proper figure is reached, if it be lower, dilute sulphuric 
add should be added imtil the hydrometer registers 1.225. 
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Fia 1,699 —Allen Bradley ba^^tery charging panel, designed Ux controlling the charging cur¬ 
rent of starting, hghtmg and -gnitionbattenes when charged fromd c circuits In operation 
the d c feeder is connected to the line switch of the panel Fifteen ampere fuses are furnished 
m the fuse block, and the batteries to be charged are connected m series with each other One 
end of the battery Ime is connected to the fuse block and the other to the graphite disc rheO' 
stat The Ime switch of the panel is then closed, and the hand wheel of the rheostat is slowly 
turned m a clockwise direction This causes a drop m resistance and the charging current, 
as indicated by the ammeter on the panel increases The charging current is steplessly 
advanced to the desirCd value, and the battenes are then left undisturbed until charged 
If additional batteries be added to the circuit, or battenes be removed from the circuit, the 
charging current can be reset to the desired vsdue by turning the hand wheel 


NOTE —Charging rate*. In selectmg the size ot battery to give a certam discharge 
rate, care should be taken that the dynamo is large enough to charge the battery at a rata 
not lower than the normal eight hour rate In the case when two halves of a battery are 
charged m parallel each half taking the imrmal rate, the dynamo must have a current capac* 
ity double that at which each half is to be charged Moreover the dynamo should have cap¬ 
acity to charge the battery occasionally at a higher rate, as this not only improves the con¬ 
dition of the cells, but permits a shorter charging period 
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The manufacturers of a well known cell of the Plante genus prescribe 
for the first charge, half rate for four hours, after which the current may 
be increased to the normal power and continued for twenty hours suc¬ 
cessively. 

Ques. What strength of current should be used in charging 
a cell? 

Ans. It should be in proportion to the ampere hour capacity 
of the cell. 

Thus, as given by several manufacturers, the normal charging rate for 
a cell of 40 ampere hours should be five amperes, or one-eighth of its 
ampere hour rating in amperes of charging current. 



Fio. 1,700.—Allen Bradley unit charging panel few startin::, lighting and ignition batteries. 
In operation the charging circuit is closed by throwing the charging switch on the left side 
of the panel, upward. At the same time the underload circuit breaker, on the right side of the 
nanel, must be closed. The circuit is then complete, and the charging current to the bat- 
^ries flows through both the fuses and the rheostat which is mounted in the center of the panel. 
o determine the charging current, the switch handle on the left side of the panel, is moved 
pward about an inch. This action automatically connects the ammeter, at the top of the 
vitch board into the charging circuit. While holding the switch in this position, the battery 
nan can adjust the charging current with the rheostat hand wheel, to any desired value. Aa 
iOon as the correct value of charging current is obtained, the battery man takes his hand 
from the charging switch, and it automatically drops back to the normal position which 
removes the ammeter from the circuit. In other words, the ammeter is not connected into 
the charging circuit unless the battery man purposely lifts the charging switch handle up¬ 
ward, and holds it there. With this arrangement one ammeter will serve a number of unit 
charging panels, since it can be connected into any circuit by simply lifting the handle of 
the proper charging switch. 
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Ques. What should be the voltage of the charging current 
before closing the charging circuit? 

Ans. The voltage should be at least ten per cent, higher 
than the normal voltage of the battery when charged. 

Ques. What indicates the completion of a charge? 

Ans. When a cell is fully charged the electrolyte apparently 
boils and gives off gas freely. The completion of a charge may 
be determined by the volt meter, which will show whether the 
normal pressure has been attained. 

Ques. How should the voltage be regulated during the 
first charge? 

Ans. It should be allowed to rise somewhat above the pomt 
of normal pressure. 

Ques. How often should a battery be charged? 

Ans. At least once in two weeks, even if the use be only 
slight in proportion to the output capacity. 

In charging a storage battery, it is essential to remember the fact that 
the normal charging rate is in proportion to the voltage of the battery. 

Thus, a 100 ampere hour battery, charged from a 110 volt circuit at 
the rate of ten amperes per hour, would require ten hours to charge, and 
would consume in that time an amount of electrical energy represented 
by the product of 110 (voltage) by 10 (amperes) which would give 1,100 
watts, or 1.1 kw. 

Ques. If in charging a battery, one or more of the cells 
do not boil at the completion of the charge, or fail to show the 
proper voltage, what should be done? 

Ans. The charging must be continued until the cadmium 
test shows the required voltage, but if the prolonging of the 
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charge be liable to damage the plates in the other cells, the de¬ 
fective cell or cells should be cut out of circuit when the battery 
discharges and then placed in circuit again when the battery is 
recharged. If the desired result cannot be attained by this 
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method, the plates which require additional charging may be 
charged in a separate cell. 

Ques. How is the cadmium test made? 

Ans. A plate of cadmium is mounted in a hard rubber frame 
and immersed in the electrolyte. 

The test consists in taking voltage readings between the cadmium plate 
and the positive or negative plates of the cell. During charge the cadmium 
plate reads negative to the negative plate, until the cell is about full, when 
the reading should be zero; the charge should be continued until the cad¬ 
mium reads .2 volt positive to the negative while charging at the normal 
rate. 



Fig. 1,703. —Weidenhoff cadmium test meter Designed to give the open voltage of a cell and 
the reading positive and negative plates to cadmium 

Ques. Name some portable instruments that should be 
provided for testing batteries. 

Ans. 1, a hydrometer syringe (specific gravity tester); 2, an 
acid testing set (can be used instead of the syringe); 3, a low 
reading volt meter; 4, suitable prods, and 5, a thermometer. 

NOTE .—To make a **cadmium stick/* Take a cadmium rod about 6 ins. long and 
about ]4, in in diameter Insulate rod with rubber tube perforated with a number of holes 
Ml in. in diameter Solder to end of cadmium rod a copper wire long enough to reach all 
cells and attach handl«^ 
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Ques. What precaution should be taken in charging a 
battery? 

Ans. Care should be taken not to have a naked flame any¬ 
where in its vicinity. 

To either charge or discharge a battery at too rapid a rate involves 
the generation of heat. Thus, while this is not liable to result in a flame 
under usual conditions, the battery may take fire, if it be improperly 
connected or improperly used. 

Ques. What is the effect of varying the charging current? 
Ans. In charging a storage cell, particularly for the first 



Fig. 1,704. —Wcidenhoff cell tester; view showing operator taking open voltage cell reading. 
It 18 useful in checking the voltage of batteries while on the charging line. 

time, a weaker current than that specified may be used with 
the same result, provided the prescribed duration of the charge 
be proportionally lengthened. The battery may also be occa¬ 
sionally charged beyond the prescribed voltage, ten or twenty 
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per cent, overcharge causing no injury, although if frequently 
repeated, it shortens the life of the battery. 

Charge Indications.—The state of the charge is not only 
indicated by the density of the electrolyte and the voltage of the 
cell, but also by the color of the plates, which is considered by 
many authorities as one of the best tests for ascertaining the 
condition of a battery. 

Ques. What are the colors of the plates? 

Ans. In the case of formed plates, and before the first 
charging, the positives are of a dark brown color with whitish 
or reddish gray spots, and the negatives are of a yellowish gray. 

The whitish or reddish pray spots on the positive plates are small particles 
of lead sulphate which have not been reduced to lead peroxide during the 
process of forming, and represent imperfect sulphation. 

As a general rule, the first charging should be carried on until these 
spots completely disappear. After this the positive plates should be of 
a dark brown or chocolate color at the end of the discharge, and of a wet 
slate or nearly black color when fully charged. A very small discharge 
is sufficient, however, to change them from black to the dark brown or choc¬ 
olate color. 

If the battery has been discharged to a pressure lower than 1.8 volts, 
the white sulphate deposits will reappear, turning the dark red color to a 
grayish tint in patches or all over the face of the plate, or in the form of 
scales of a Venetian red color. 

The formation of these scales while charging indicates that the maximum 
charging current is too large and should be reduced until the scales or 
white deposits fall off or disappear, after which the current can be in¬ 
creased again. 

During charging, the yellowish gray color of the negatives changes to 
a pale slate color which grows slightly darker at the completion of the 
charge. The color of the negatives always remains, however, much 
lighter than that of the positives. 


Ques. How are the best results obtained in charging? 
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Ans. The rate of charge should be normal, except in cases 
of emergency. 

At such a rate, unless the constant voltage method be employed, the 
cell may be considered full when the volt meter reads 2.5 volts during 
charge. The electrolyte should be kept at uniform density throughout the 
cell; when water is added, because of evaporation, it should be added by 
means of a funnel reaching to the bottom of the cell. Care should be 
taken never to add acid after evaporation; otherwise the electrolyte will 
be too heavy. Hydrometer readings should be taken regularly; the reading 
is an excellent indication of the amount ol cha*-ge in the battery. Hy¬ 
drometer readings are useless, however, unless the precaution be taken to 
keep the electrolyte of uniform density. 
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Fia. 1,705.—Circuit for constant current method of charging as suggested by the Bureau of 
Standards. 


Ques. What voltage should be used in charging? 

Ans. At the beginning of the charge the voltage should be 
about 5 per cent, higher than the normal voltage of the battery, 
unless the latter has been over discharged, in which case the 
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difterence of pressure should not exceed 2 per cent., otherwise 
the current might be too large. 

Ques. In what two ways may batteries be charged? 

Ans. They may be charged either at constant current or at 
constant voltage. 

Although the latter method is considered the better one by many au- 
thonties, it is a fact, nevertheless, that if the charging current be normal 
at the beginning of the charge, and no means be provided for keeping it 
constant, it will diminish as the charging progresses, thereby greatly in¬ 
creasing the length of the time required for charging, and resulting in 
senous injury to the plates. 

Ques. How may the charging current be kept constant? 

Ans. Its voltage should be gradually increased, first to 
about 10 or 15 per cent, above the voltage of the battery, and 
kept at that point nearly to the end of the charge, where in 
consequence of the rapid rise of pressure in the battery it might 
become necessary to increase the voltage of the current to 30 
or 40 per cent, above the normal of the battery. 

Ques. What tests should be made while charging? 

Ans. Occasional voltage and cadmium readings of each cell 
should be taken for the purpose of ascertaining their condition 
and the behavior of the separate plates. 

Ques. What tests should be made after charging? 


NOTE —Constant voltage method of charging. In fhis method the voltage ts main* 
tamed at a constant fixed value per cell The value of the initial, or starting current, of a com¬ 
pletely discharged battery, when first put on charge, is much in excess of that of the normal 
rate During the charge, as the voltage of the battery gradually rises, the back pressure ot 
battery voltage causes the current to drop to a value much below that of the norm^ rate and 
at thii end of the charge is usually below that of the finishing rate of the constant current 
system The average value of the current is adjusted so as to be about equal to that of the 
normal rate. In practice the pressure at the bus bars may range from 2 5 to 2 75 volts per cell. 
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Ans. Each cell should be tested with a low reading volt 
meter and hydrometer about once a week. If any cell read low, 
it should be cut out and examined to see if any material has 
been introduced which would cause a short circuit. If this 
trouble do not exist, the cell should be given an independent 
charge. 

The formation of these scales during charging indicates that 


SOURCE - 3 WIRE 
DYNAMO OR 
SYNCHRONOUS 
CONVERTER. 
VOLTAGE AS 
SPECIFIED 



DYNAMO PANEL- - 


C HARloING PANEL 


Fio. 1,706. —Circuit for modified constant pressure method of charging as suggested by the 
Bureau of Standards. 


the maximum charging current is too large and should be re¬ 
duced imtil the scales or white deposits diminish or disappear, 
after which the current can be increased again. 
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Ques. Describe the behavior of the electrolyte during dis¬ 
charge. 

Ans. There is a definite change in the density of the electro¬ 
lyte for a given amount of discharge. 

The density of the electrolyte is, therefore, one of the best indications 
of the state of charge, provided, of course, no internal discharge due to 
local action take place. If, when the cell is charged, it show a density 


REGULAR 

LEAD 




Fios. 1,707 to 1,709.—B. battery charging connections. Fig. 1,707, regular lead; fig. 1,706, 
vary rate ccmnector; fig. 1,709, slow rate clip. 

of 1.200, and when discharged 1.130, the difference .07 represents the 
total charge. If at any time the density be 1.165, then just one half the 
amount of capacity has been taken from the cell. 

It is necessary to stir the electrolyte well, in order for these observations 
to be reliable. 

If the discharge has taken place at a high rate, the cell must stand for 
an hour or more before the electrolyte will completely diffuse so that the 
density readings are correct. 
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Ques. Define the term “boiling.” 

Ans. Boiling means the rapid evolution of gas when a odl 
is nearly charged. 

Ones. What causes boiling? 



Fio. 1,710.—Battery charging bench with bus bars and connections to motor dynamo chiov- 
ing unit. The charging unit consists of a 'Mmbmation d.c. or a.c. motor and dynamo workinc 
OQ the same shaft. The dynamo is wound to supply current at a suitable voltage for the 
service required and the d.c. or a c. motor for the voltage of the supply current. This avoida 
the considerable loss due to placmg resistance in the form of rheostat or lamp bank in the 
dicuit to obtain the considerable reduction of pressure required when charging for lighting 
drcuita 

Ans. The'amount of sulphate to be converted into peroxide 
becomes less and less as the diaige progresses and the plates 
therefore become virtually smaller, so that the current becomes 
too large for the work demanded of it. The result is, that 







15 volts 
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part of the current not actuzilly used in the formation of peroxide 
decomposes the electrolyte into its constituent elements. 


Ques. What may be said of charging a battery as quickly 
as possible? 



Fiq. 1,711.—Hobart motor dynamo charging unit for three >virr circuit with attached instru¬ 
ment panel. The double throw volt meter switch in position shown connects volt meter 
with neutral and positive bus bars; when thrown to left, it connects with neutral and negative 
bars. 

Ans. As a general rule, such a procedure should not be 
adopted unless the battery be thoroughly discharged. 

Ques. What precaution should be taken? 

Ans. The danger to be avoided in rapidly charging a cell is 
its tendency to heat. 
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Ques. What apparatus is necessary in charging a battery? 

A ns . The battery may be charged from direct current mains 
having the proper voltage. A current as near uniform as pos¬ 
sible is required, and existing conditions must be met in each 
separate case. Sometimes a motor dynamo set with a regulat- 



Pio 1,712—General Electric half wa\eTungar bulb of Tungar battery char^ fhe name 

Tungar applies to a hot cathode gas filled rectifier and has no particular significance Prin¬ 
ciple: a vacuum tube contatntng a hot and cold electrode ans as a rectifier, that is it changes 
alternating current into direct current In the lungar bulb there is argon, an inert ga^ at 
low pressure, which is ion zed by the electrons emitted from the incandescent filament This 
ionized gas acts as the principal current earner, with the result that the bulb operates with 
a very low voltage drop (of 3 8 volts) and is capable of piassing a current of several am 
peres, the current limit depending on the design and size of the tul^e In construction, 
the cathode (lower cathode) consists of a filament of small tungsten wire coiled mto a closely 
wound spiral, and a graphite anode (upper electrode) of relatively large cross section 


ing switch board is used. Such an apparatus consists of a 
dynamo, driven direct from the shaft of a motor, which, in 
turn, is energized by current from the line circuit. 
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With a direct current on the line, a dynamo may be used; but with an 
alternating current, an induction motor is required. The speed of the 
motor is governed by a rheostat, and the output of the dynamo is 
thus regulated as desired. 


Charging Through the Night.—If an automobile, after a 
late evening run, is to be used in the morning, the battery 
may be charged during tlie night without an attendant being 



present; but 
in doing this 
great care 
must be 
taken not to 
excessively 
over charge. 


Fia. 1,713 —General Electric ten battery Tungar charger. The parts are: A. triple pole 
snap switch which controls both a c. lines and one d c. line; B, d c. ammeter, C, fifteen pomt 
dial switch giving chargmg current adjustment m small steps, D, steel casing; E, reactance 
coil, or electrical governor of the chargmg circuit; F, Timgar bulb which changes the alter- 
natmg current into direct current, G, auto transformer. 

A careful estimate of the amount of current required should 
be made and the rate of charge based on this estimate. 

If, say, 72 ampere hours be required to recharge, and the time available 
be nine hours, the average rate of charge must be 8 amperes. 
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If charging from a 110-vok circuit, the rate at the start should be about 
10 amperes; if from a 500 volt arcuit, about 9 amperes; as, in charging 
from a source with constant voltage, such as a lighting or trolley circuit, 
the rate into the battery will fall as the charge progresses. This also 
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F^o. 1,714 —^Ehagram showing connections of General Electric Ttingar half wave rectifier in 
Its simplest form The parta shown are: A, anode, B, Tungar bulb, CD, secondary of 
transformer; F, filament catliode, R, rheostat. Assummg an instant when the side C, of the 
alternatmg current supply is positive, the current follows the direction of the arrows through 
the load, rheostat, bulb and back to the opposite side of the a c. line. A certain amount of 
the a c of course goes to excite the filament, the amount depending on the capacity of the 
tube In actually designing the rectifier outfits the rheostat is omitted and the regulation 
entirely obtained by means of a compensator, with which is combined the filament trans¬ 
former, and a reactance When the a c supply reverses and tlie side D, becomes positive 
the current is prevented flowing for the reason before mentioned In other words, the current 
is permitted to flow from the anode to the cathode or against the flow of emitted electrons 
from the cathode, but it cannot flow from the cathode to the anode with the flow of electrons. 

NOTE —Tungar operation. This rectifier is operated by means of a snap switch in the 
upF>er left-hand comer (ace A, fig 1,713) and a regulating switch in the center (C, fig. 1,713). 
Before starting the apparatus, the regulatmg switch should be in the *‘low** position. The 
Timgar is now ready to operate Turn the snap switch to the right to the “on” position, and 
the bulb will light. Then turn the regulating switch slowly to the right; as soon as the batteries 
commence to charge, the needle on the ammeter will indicate the charging current. This cur¬ 
rent may be adjusted to whatever value is desued within the limits of the Tungar. The normal 
charging rate is six amperes, but a current of as high as seven amperes may be obtained without 
greatly reduemg the life of the bulb Higher chargmg rates reduce its life to a considerable ex¬ 
tent Lower rates than normal (six amperes) will mcrease the life of the bulb. Turn the snap 
switch to the “off” position when the chargmg of one battery or of all the batteries is com¬ 
pleted, or when it is desired to add more batteries to the charge. The Tungar should be operated 
only by the snap switch and not by any other external switch in either line or battery circuits. 
When the snap switch is turned, the batteries will be disconnected from the supply line, and 
then they may be handled without danger of shock. Immediately after turning the snap switch 
move the regulatmg handle back to the “low” position. This prevents any damage to the bulb 
from the dial switch bemg m an improper position for the number of baUenca next charged* 
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applies if the charging be done from a mercury arc rectifier without ai. 
tendance. 



30 Cel la per Circuit 30 Cel Is Capacity 
C Amps. 12 Amp 



Series Multiple 
l5Cel I5-I2 Amp-In center circuit 
30Ccl!3-6Amp In Outside 
circuit. 


Fias. 1,715 to 1,717.—Connections for batteries and Tungar charger. Fig. 1,715, two circuifg 
30 cells per circuit 6 amperes; fig. 1,716, one circuit, 30 cells capacity, 12 amperes; fig. 1,717, 
series parallel, 15 cells at 12 amperes in center circuit, 30 cells at 6 amperes in outside circuit. 


NOTE .—A Tungar charger will operate successfully at as low as one or two amperes, 
and up to seven amperes on either circuit, and up to 12 or 14 amperes on both circuits. If 
only one battery be operated at one time, on one circuit, it may be necessary to use an external 
resistance to obtain as low as one or two amperes. 

NOTE .—A Tungar will stop charging if there be an interruption of the supply voltage, 
but damage cannot result as the battery will not discharge through the outfit, charging will 
immediately commence upon resumption of the supply voltage. 
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Ques. What precautions should be taken in charging a 
battery out of an automobile? 


Ans. When a battery is being overhauled, the cells must be 
connected together in series and to the charging source in rela¬ 
tively the same manner as if they were in the vehicle; that is, 
the positive (+) terminal of one group of cells must be con- 


* ff 



'll 


nected to the negative ( — ) 
terminal of the next group, 
and the two free terminals, 
one positive 2 ind the other 
negative, must be connected 
repectively to the positive 
and negative terminals of the 
charging circuit, but not 
until all of the groups have 
been connected in series. 

If the cells be provided with 
formed plates and not charged, 
the jars should be filled with the 
proper electrolyte, and tlien 
charged for at least 10 hours 
steady, or until they boil, then 
they may be discharged. 

In the case of unformed plates, 
the charging should be from 30 
to 40 hours, until the cells boil, 
and the plates assume their pro¬ 
per color. 


Fig 1,718 —General Electric single phase mercury arc tube It consiats of an exhausted 
glass vessel containing two anodes AA, one cathode B, a starting anode C, sad a small 
quantity of mercury 


Ques. How are small cells easily charged from W) or 220 
volt circuits? 

Ans. This may be conveniently done by inserting in one of 
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TRANSFORMER 



Fjg. 1,719 —Connections of General Electric mercury arc rectifier At the instant the termmak 
H, of the supply transformer is positive, the anode A, is then positive, and the current can 
flow between A and B Following the direction of the arrow still further, the current piassea 
through the battery J, through one-half of the mam reactance coil E, and back to the nega¬ 
tive terminal G, of the transformer When the impressed voltage falls below a value sufficient 
to maintain the arc against the reverse voltage of the arc and load, th** reactance E, whicli 
heretofore has been charging, now discharges, the discharge current being in the same direc¬ 
tion as formerly. This serves to maintain the arc in the rectifier tube until the voltage of the 
supply has passed through zero, reversed, and built up such a value as to cause the anode A, 
to have a sufhciently ix)sitive value to start the arc between it and the cathode B. The dis¬ 
charge circuit of the reactance coil E, is now through the arc A'B, instead of through itc 
former circuit Consequently the arc A'B, is now supplied with current, partly from the 
transformer, and partly from the reactance coil E The new circuit from the transformer is 
indicated bv the arrows enclosed in circles. 
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the charging leads an incandescent lamp or lamp tank which 
will pass the required quantity of current. 

If the current required be as large as 10 amperes, a suitable resistance 
or 10 lamps in parallel, each passing one ampere, may be used. Great 
care should be taken to see that the battery is connected properly. 



F'o. I,r20 -Wiring diagram for charging one to twelve 6-volt batteries from 110 volt bus- 
With this equipment regulation of the current through various numbers of batteries is ob¬ 
tained by meani of the switches Instead of lamps, reststance units, of approximately 35 
ohms resistance and 3 3 amperes capacity each may be used. This equipment will occupy 
less space than the lamps and serve the same purpose, each resistance unit replacing two 
lamps Instead of either a lamp resistance or unit resistance panel, a special form of rheostat 
may be u«5#*d However lamps are advisable where the light for some may serve for illumi¬ 
nation, otherwise the eiergy spent in heating the resistance is a total loss. Accordingly, 
where lighting is not required, avoid resistance as much as possible by connecting the bat¬ 
teries so that their combined voltage will almost equal that of the source. 


Trickle Charge Method.—When a number of batteries are 
to be held in jvet storage, the most satisfactory results can be 
obtained by charging continuously at a very low rate, which 
is so low that gassing is avoided and yet gives enough chzirge 
to maintain the batteries in good condition. This charge is 
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termed a trickle charge, and in many cases will be found more 
convenient to arrange for than the periodic charge. It has the 
added advantage of keeping the batteries in condition for put¬ 
ting into use at any time on short notice. 

In giving batteries a trickle charge: 



2. See that the vent plugs are in place. 

3. Connect an approximate resistance, such as a proper size lamp, in 
series with the cells, across a charging system adapted for continuous 
charging. Fig. 1,724 gives an example of connections for trickle charge. The 
charging should be checked periodically and lamps changed if required until 
it is certain that the system gives neither too much nor too little charge. 










Battery Charging 


1,237 


NES. P0& 


no VOLT 
niRECT CURRENT CIRCUIT 



/ 

25 WATT 
no VOLT LAMP 


Fig. 1,724 —Trickle charge When a number of batteries are to be held in wet storage, the most 
satisfactory results can be obtained by charging continuously at a very low rate, which is so 
low that gassing is avoided and ytt gives enough charge, to maintain the batteries m good con* 
dition This charge is called sttrickle charge and in many cases will be found more convenient 
to arrange for than the perodic charge It has the added advantage of keeping the batteries 
in condition for putting into use at any time on short notice. To apply trickle charge: 
1 , give bench charge, 2, Connect a tungsten lamp or lamps of appropriate vesxstance, m sene* 
with the cells, across a charging system adapted for continuous charging. 3, Every two 
months interrupt the trickle charge, remove fillmg plug, add -vater to bottom of filling tubes, 

replace and tighten filling 
prfug and contmue trickle 
charge. 





Fig. 1,725.—General Elec¬ 
tric Tungar trickle charg¬ 
er for charging radio A 
battery. Capacity suf¬ 
ficient for 6 or 8 tube set 
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With proper resistance, the specific gravity will remain practically constant 
(within 10 to 15 points if level of electrolyte be kept the same height) and 
the cells will not be gassing. If the cells gas continually, the battery is 
receiving too much charge. If the gravity continue to drop, the battery is 
not receiving enough charge. 

4. Every two months add water to the proper level and replace the vent 
plugs. 

Periodic Charge Method.—This is a method of wet storage 
in which the batteries are given charges periodically, and is 
used where it is not practicable to arrange for the trickle 
charge method. 

1. Give a charge until all the cells are gassing. 

2. Store in a dry, clean location and keep the temperature above freezing 
and below 110 degrees Fahr. 

3. Once every two months remove filling plugs, add distilled or other 
approved water to the proper level, replace and tighten vent plugs and 
charge until all the cells are gassing. 

4. Before putting battery into service, add approved water and charge 
until all the cells are gassing. 

Lamp Calculations for Charging.—To determine the proper 

size of lamps: 

1. Find out the voltage of the charging circuit and the number of cells 
to be charged in seri#^s; for example, 100 volt circuit and 24 cells in series. 
If a rectifier be used for charging, the voltage should be that obtained with 
a d.c. volt meter, and while the battery is connected in circuit. It should 
be measured at the d.c. terminals of the rectifier. 

2. Refer to one of the accompanying tables, the first one for 115 volt 
lamps and the other for 32 volt lamps. For example, in the first table the 
100 volt column meets the 24 cell cross column at 215 watts. This means a 
215 watt, 115 volt tungsten lamp in series with 24 cells across 100 volts 
would allow approximately 1 ampere charging rate at end of charge. 
The rate at the beginning of charge would be somewhat higher. Combina¬ 
tions of voltage and cells not shown in the tables can be approximated by 
proportion. 
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3. In the accompanying rating table (for Exide batteries)-find the charge 
rate for the type and size of cell to be charged. For example. 6 amperes 
if the 24 cells be type XC-13. If cells with different charge rates are to be 
charged in series, use the charge rate of the cell having the lowest. 

Multiply the watts, obtained in item 2 by the charge rate obtained in 
3. For example. 215 watts multiplied by 6 equals 1,290 watts. 
The size of 115 volt tungsten lamp to use then is the nearest available 
commercial size to 1,290 watts. A larger size will allow a higher charge 
rate, and a smaller size a lower charge rate. Where the calculated watts 
and the wattage of the available lamps are considerably different, sufficient 
lower wattage lamps in parallel can be used, the sum of the watts of the 
different lamps being approximately equal to the calculated watts. For 
example, to obtain 1,290 watts, five 250 watt and one 40 watt lamps, all in 
parallel, may be used. The voltage rating of the lamps must be the same 
however; 115 volts in this example. 


RATED WATTS OF 115-VOLT TUNGSTEN LAMPS 
(To Give 1 Ampere) 




Charging Circuit Voltage 



7.35 

U.7 

30 

40 

50 

75 

100 

115 

125 


1 

830 

440 

270 

225 

195 

150 

125 

115 

no 

to 

*C 

2 


510 

285 

235 

200 

155 

130 

120 

no 

3 


620 

300 

245 

205 

160 

130 

120 

115 

Cl 

6 



385 

285 

230 

170 

135 

125 

120 

VI 

12 




500 

325 

195 

155 

135 

130 

'13 

Cj 

18 





800 

260 

175 

155 

140 


24 






380 

215 

175 

160 

..' 

42 








485 

320 


a. If a rectifier be used for charginR, the wattage obtained m item 4 will have to be 

increase d 25 to 5i)%. This is because the cuirent obtained from a rectifier is pul¬ 
sating and not steady as from a dynamo. 

b. If the lamp resistance is to be used for trickle charging, divide the wattage obtained 

in item 4 by 50. For the example shown, this would be 1,290-r-50 —25 watts 
approximately. If the calculated size be not available, use a lower voltage wattage 
lamp and not a higher. 

Period of Charging a New Battery. —In the case of batteries 
provided with formed plates, the first charge should extend over 
a period of not less than 30 consecutive hours, without 
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stopping, if possible, or for periods of not less tlian 10 hours 
a day for three consecutive days. 

The electrolyte will then commence to ‘‘boil” or “gas,” assuming a 
milky appearance due to the ascending bubbles of gas. At this stage the 
density of the electrolyte as shown by the hydrometer placed in each cell 
should be at least 1.200; it is essential that the charging should be con¬ 
tinued until every cell boils equally. From this point the charging should 
be prolonged until the pressure, as determined by a volt meter or a cad¬ 
mium tester, rises to about 2.55 volts. 

lUTED WATTS OF 32-VOLT TUNGSTEN LAMPS 
(To Give 1 Ampere) 



The charging of unformed plates is similar in all respects to that of 
formed plates, except that the first charging should extend over a period 
of at least 70 consecutive hours without stopping, at the end of which 
time the plates should have the characteristic colors of those of a fully 
charged battery. If they do not, the charging should be prolonged and 
the cell tested for density of electrolyte, and voltage, as already described 
until the desired conditions are attained. Then the battery may be dis¬ 
charged and recharged. 

It is probable that a total of 300 to 4(X) hours of charging with inter¬ 
vening discharges v/ill be required to form the plates until they acquire 
a good color, and the density of the electrolyte becomes stable. 

In regular charging, the rate should be rapid when the bat¬ 
tery is nearly exhausted, but it should be greatly reduced at 
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the end of the charge after passing the point of boiling. Charg¬ 
ing at too low a rate is always injurious. 

Qnes. What may be said with respect to the capacity of 
a new battery? 

Ans. A new battery will never give its full capacity till after 
about twenty discharges. 

During this time it should be given about 25% overcharge. After that, 
10% overcharge, that is, 10% more charge than was taken out, will be 
suliiaent for ordinary work. 

High Charging Rates.—Occasionally it is desirable to charge 
a battery as quickly as possible. As a general rule, such a 
procedure should not be adopted unless the battery be 


NOTE — Example, If a battery lequire about 3 amperes for charging, how is this cur¬ 
rent obtained from a 110 volt circuit’ Each 16 candle power carbon filament lamp in the ^amp 
bank would gwe approximately M ampere with the ctlls in series m the lamp circuit There¬ 
fore, 3 X3 or 9 lamps should be used in parallel to give 3 amperes 11 e amperes obtained will 
be slightly due to the opposition offered by the internal resistance of the battery 


NOTE — Selection of proper battery. The number of cells is deter nined by the voltage 
of the system Thus, according to Crould 


Voltage of System 

Number of Cells 

Voltage of System 

Number of Cells 

110 

60 

220 

120 

115 

Cl 

230 

126 

125 

70 

250 

138 


NOTE —The size of a 110 volt battery can be determined thus, assuming that the bat¬ 
tery will be charged at any time during the day convenient to operate the dynamo and tha) 
the battery will be able to furnish current for lamps as follows 


Time 

Number 

of 

Lamps 

3 

Amperes 

4 

Number 
of hours 

Ampere Hours 
col. 3Xcol. 4 

5. p m to 10 p m 

Twenty 16 c. p 

10 

5 

50 

10 p m to Gam. 

Two 8 c. p. 

H 

8 

4 

Gam to 8am 

Six 16 c. p. 

3 

2 

6 





Total 60 
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thoroughly discharged, and not then, unless done by a person 
who thoroughly understands what he is about; battery makers 
will always furnish data and directions to meet emergencies. 



_ _ TeMPeH^URC-,p£6REES FAHRENHEIT 

Fig 1,728 —Efle-'t of temperature on capacity From an inspection of the curve, it is evident 
*\iat the user wno desires to obtain the full capacity of the battery must keep it at a tempiera* 
cure of not less than 80 degrees It is also evident that very little capacity is to be gain^ by 
allowing the temperature of the battery to rise above 80 degrees Fahr In fact, the gam 
18 only about 5 i>er cent, and whatever is gained in this way is at the expense of the *ife of the 
plates and separators Tempierature also affects the specific gravity of the electrolyte solu* 
tion in batteries The spiecific gravity of the solution is with reference to a temperature of 
80 degrees Fahrenheit, and comparative gravity readings are of little value unless the read¬ 
ing be corrected to a temperature of 80 degrees Fahrenheit As the temperature rises the 
acid solution in the battery expands in volume so that there is a smaller amotmt of sulphuric 
acid m each unit volume of the solution Since each unit volume contains less acid, each 
unit will weigh less or have a lower specific gravity Because of this, the gravity reading 
must be decreased one point for each three degrees rise in temperature For example, if the 
gravity at 80 degrees ^ 1 280 and the temperature rise to 98 degrees, the gravity of the 
sc^ution will have decreased to 1 274 Low temperatures do no actual harm to a battery 
in a fully charged condition, except to lower its capacity A discharged battery will, how¬ 
ever, freeze at points above zero and freezing usually results in a ruined battery. The tem¬ 
peratures at which different gravities of electrolyte freeze are shown in the curve m fig 1,729. 


In charging a battery at a high rate, the danger to be avoided is the 
tendency of the cells to heat. The troubles that might anse from this 
cause may be prevented by immediately reducing the current strength. 
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The proper rate of charge for a given battery of cells may be thus dis¬ 
covered by experiment. A battery should never be charged at a high 
rate unless it be completely exhausted, since it is a fact that the rate of 
charge that it will absorb is dependent upon the amount of energy already 
absorbed. 

For rapid charging, when a battery has to be charged in four 
hours, the current should vary about as follows: 



40 per cent, of total 1st hour 

25 “ “ “ “ 2nd “ 

20 “ “ “ “ 3rd “ 

15 “ “ “ “ 4th “ 

For quick charging in three hours the rates should be: 50 per cent. 1st 
hour; 33per cent. 2nd hour; 16K per cent. 3rd hour. 
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Ques. Why do the gases erolved produce a less milky ap¬ 
pearance of the electrolyte when a battery has been in use 
for a considerable time? 

Ans. The plates are better formed; consequently a larger 
charging current can be used without producing “boiling.” 

Capacity.—^The unit of capacity of a storage cell is the 
ampere hour, that is, the ability to discharge one ampere continu¬ 
ously for one hour. 



Time of chor»gjr>o in mmutea and houp* 


Fio. 1,730.—^Available capacity of Exide-Ironclad battery. 

For instance, a 100 ampere hour battery will give a continuous discharge 
of 12J4 amperes for eight hours. It should theoretically give a discharge 
of 25 amperes continuously for four hours, or 50 amperes for two hours, 
but in r^ity, the ampere hour capacity decreases with an increase of 
discharge rate. 

It requires, theoretically, .135 oz. of metallic lead on either element 
reduced to sponge lead or to lead peroxide to produce one ampere hour; 
in practice, from four to six times this amount is required. 

The reason for this is because it is impossible to reduce all the active 
material, to bring every particle in contact with the electrolyte, or to 
cause every part to be penetrated bv tlie current. 
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Experiments show that from .5 to .8 oz. of sponge lead, and from .53 
to .86 oz. of metallic lead converted into peroxide, are required on their 
respective elements to produce a discharge of one ampere hour at ordi¬ 
nary commercial rates. 

The capacity increases with the temperature, being about one per cent, 
for each degree Fahr. increase in temperature. 

Battery capacity depends on the size and number of plates; the quan¬ 
tity of active material present, and the quantity of electrolyte. 

For an eight hour rate of discharge and 60 degrees temperature, the 
capacity of American batteries varies from 40 to 60 ampere hours per 
square foot of positive plate surface ( = 2Xnumber of positive plates in 
parallel X length X breadth). 

The following table gives the variation of capacity for dif¬ 
ferent rates of discharge: 


Capacity Variation for Different Discharge Rates 


Discharge rate 

r"" ' ' - ' 

Per cent of capacity at 

8 hour rate 

8 hour 

Plante 

100% 

96% 

80% 

56% 

Faure 

100% 

96% 

88% 

70% 

48% 

6 hour.. 

4 hour..... 

2 hour... 

1 hour.. 



Qnes. How may the capacity of a battery be increased? 

Ans. By mixing organic materials with the lead oxide, but 
mny such mixture is always accompanied by a rapid deterioration 
of the plates. 

Discharging.—In discharging a battery its voltage should 
never be allowed to fall below 1.8 volts, under load, thus leaving 
about 30 per cent, of the total capacity unused. 
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The normal discharging current may be equal to the normal charging 
current, but a discharge equal to 3 or 4 times the normal may be given, 
without injury to the plates. 

Some types may be discharged at even six or seven times the normal rate. 
In such cases, however, the capacity will be reduced in the same propor¬ 
tion, as before explained in the paragraph dealing with battery capacities. 


Ques* What is the elBFect of discharging too rapidly? 

Ans. It tends to break the plates, and in the case of pasted 
plates, a very sudden discharge will dislodge the paste. 


WOODEN POLES COVERED 
WITH ASBESTOSv 



AMMETER 




Flo. 1,731 and 1,732.—Home made discharge rheostat. The terminal on the end of the cable 
attached to the right hand terminal of the battery as shown, is movable, and it may ba 
clamped at any point along the coils of wire so as to give various currents. The wire 
be greased lightly to prevent rusting. 


Qaes. How is the discharge capacity of a storage battery 
stated? 

Ans. In ampere hours. 
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This, unless otherwise specified, refers to its output of current at the eight 
hour rate. Most manufacturers of automobile batteries specify only the 
amperage of the discharge at three and four hours. Thus, at the eight hour 
rate, a cell which will discharge at ten amperes for eight hours is said to 
have a capacity of eighty ampere hours. 

It does not follow that eighty amperes would be secured if the cell were 
discharged in one hour. It is safe to say that not more than forty amperes 
would be the result with this rapid discharge. 

As a general rule, the one hour discharge rate is four times that of th^. 
normal, or eight hour discharge, and considerations of economy and 



Fia. 1,733.—Another home made discharge apparatus, in conatruction six double contact 
automobile lamp sockets are mounted on a t^ard and all connected in parallel; a pair of leads 
liaving test clips attached is brought out from the sockets for fastening to the battery ter¬ 
minals. Lamps of various candle power may be turned into the sockets to obtain different 
currents. 


prudence suggest that it should never be exceeded, if, indeed, it ever be 
employed. The three hour discharge, which is normally twice that of 
the eight hour, is usually the highest that is prudent, while the four hour 
discharge is the one most often employed in automobiles for high speed 
driving. 

Ques. What should be the maximum rate of discharge? 

Ans. The one-hour rate; this when used, should not extend 
over fifteen or twenty minutes. 
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In the case of regulating batteries a forty-five minute rate of discharge 
may be allowed for one or two minutes during great fluctuations of load. 

Ques. How does the capacity decrease? 

Ans. It decreases with the increase in current output. 

An 80 ampere hour cell, capable of delivering 10 amperes for 8 hours, 
would, when discharged at 14 amperes, have a capacity of 70 ampere 
hours; when discharged at 20, its capacity would be 60; and when dis¬ 
charged at 40, its capacity wilt have decreased from 80 to 40 amjjere hours. 

Ques. What, in general, are the indications of the quan¬ 
tity of electricity remaining within a cell? 

Ans. The voltage, and the density of the electrolyte. 

Ques. What should be done after discharging? 

Ans. Whenever possible the battery should be immediately 
charged. 


TEST QUESTIONS 

1 . How should a battery be charged for the first time? 

2. What is the usual period for charging a new battery? 

3 . How is the electrolyte affected by the first charge? 

4. What strength of current should be used in charging 

a cell? 

5 . On what kind of a battery charging circuit should a 

discriminaing cut out be used? 

6 . What indicates the completion of a charge? 

7 . How should the cadmium test be made? 

8 . What instrument is used to determine the state of 

charge? 
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9. What is the effect of varying the charging current? 

10 . How is the state of the charge indicated by the colors 

of the plate? 

11 . What should be the density of electrolyte of a fully 

charged battery? 

12 . Name two ways of charging batteries. 

13. Describe the behavior of the electrolyte during dis¬ 

charge. 

14. Define the term "boiling"; what causes it? 

15. Explain how batteries should be charged during the 

night. 

16. What precautions should be taken in charging a 

battery out of a vehicle? 

17. How are sm.all cells easily charged from 110 or 220 

volt circuit? 

18. Describe the triple charge method. 

19. What may be said with respect to the capacity of a 

new battery? 

20 . How may a battery be charged at a high charging 

rate? 

21 . How may the capacity of a battery be increased? 

22. What is the effect of discharging a battery too rapidly? 

23. How is the discharge capacity of a storage battery 

stated? 

24. Describe the term "ampere hours." 

25 . What should be done after discharging a battery? 
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CHAPTER 45 

Storage Battery Repairs 

Tools, Equipment and Spare Parts.—^Anyone undertaking 
to care for or repair batteries will in time gather together the 
equipment he considers necessary or desirable for the work. 
Many of the tools are questions of personal taste or present 
equipment, but there are four things absolutely necessary; 

1. Suitable charging equipment. 

2. Hydrometer syringe. 

3. Battery thermometer. 

4. Lead burning outfit. 

In addition, tools and equipment must be available for the following 
purposes, and suggestions are here given along with the list of purposes: 

1. To read battery or cell voltage: portable volt meter, such as Weston 
model No. 279. 

2. To remove connectors: a brace with and K in. wood bit. 

3. To tighten or loosen seal nuts: A special wrench. There are three 
sizes. 

4. To tighten or loosen tie bolts: a screw driver or else special spanner bit. 

5. To unseal covers: a putty knife. 

6. To remove element from jar: two pairs of 6 in. or 8 in. gas pliers. 

7. To prepare surfaces for lead burning: knife, scraper, shoemaker's rasp, 
wire brush, file or end cutting pliers. 

8. To handle sealing compound: receptacles in which to heat and from 
which to pour. 

9. To handle electrolyte: non-metallic or lead vessels for storing, mixing 
and pouring: rubber gloves or fingers for protection; soda or ammonia solu¬ 
tion for neutralizing effects of spillage or sloppage. 

10. To make moulds for lead burning; pieces of iron, tin or powdered 
asbestos and a pair of tin snips. 
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11. To provide for the actual work: a strong wooden work bench painted 
with acid resisting paint, strong racks for holding cells and a lead lined sink 
for washing jars. 

A stock of spare battery parts should of course, be kept on 
hand, and with these should be included; 



Fig 1,734 —^Typical work room showing bench about 34 ms high lead burning outfit, hot 
plates for meltmg sealing compound and hand drill press for drilling off inter-cell connectors 


1. Sealing compound for resealing cells 
2 Burning strip foi lead burning 

3. Electrolyte for replacing actual spillage or loss and never for normal 
operation. 

4. Acid resisting paint for painting cases, racks, e+c 

5. Pure petroleum grease for terminals to prevent corrosion. 

6. New packing matenal to replace and-soaked packing. 
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GLOSSARY 

Acid: Term frequently used to describe the liquid in cells, in place of the approved one: 
electrolyte. 

Active Material: The “formed” paste which fills the grid. 

Ampere: Ihe unit of measure of quantity of electric current 

Ampere Hours: Product of amperes and hours 

Battery: Any number of cells when connected and used together. 

Bridge (or rib): Wedge shapied vertical projection from bottom of rubber jar on which plates 
rest and by which they are supported 

Burning: A term used lo describe the operation of joining two pieces of lead by melting 
them at practically the same mstant so they may nm together as one contmuous piece. 



Fra. 1,735.—Plan of a small battery repair shop. 

Usually done with mixture of oxygen and hydrogen gases, hydrogen and compressed au, 
or oxygen and illuminating gas. 

Cadmium: A metal used in about the shape of a pencil for obtainmg voltage of positive or 
negative plates It is dippv,d in the electrolyte but not allowed to come m contact with 
plates 

Capacity: The rating of c II or barbery in ampere-hours, qualified by the rate or time of 
discharge 
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Came' The box which holds the cells of a battery 

Cell Unit of storage battery practice, consists of elements, electrolyte and jar. 

Charge: Passing direct current through a battery in order to replace energy twed on dis¬ 
charge 

Charging Rate: The proper rate of current, expressed m amperes to use m charging a battery. 
Connector: Solid or flexible part for coimectmg positive pole of one cell to negative peJe of 
another, or to termmal 

Cover: Cover for cell to retam electrolyte and exclude foreign material 
Cycle: One charge and discharge 



Fra 1,736 —^Electrically heated oven used for opening storage batteries It is large enough to 

accommodate any size startmg or lighting battery In operation, place the battery on the 
work bench, lower the heater over it, turn on the switch, and in five minutes the com¬ 

pound 18 softened so that the elements and jars can be easily removed 


Denaity: Specific gravity 

Developing: The first cycle or cycles of a new or rebuilt battery to bring about proper electro¬ 
chemical conditions to give rated capacity 

Diffusion: Pertainmg to movement of acid within the pores of plates (See Equaluatton ) 
Discharge: The flow of current from a battery through a circuit, opposite of “charge “ 
Dry: Term frequently applied to cell contammg insufficient electrolyte 

Electrolyte: The conducUng fluid of electro-chemical devices, lor lead-acid storage batteries 
consists of about two parts of water to one of chemically pure sulphuric aod, by weight 
Element: Positive group, negative group and separators 

Fqunlization’ The result of circulation and diffusion within the cell which accompanies 
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charge and discharge. Difference in capacity at various rates is caused by the time re¬ 
quired for this feature. 

Equalizing: Term used to describe the making uniform of varying specific gravities in dif¬ 
ferent cells of the same lottery, by adding or removing water or electrolyte. 

Evaporation: Loss of water from electrolyte from heat or charging. 

forming: Electro-chemical process of making pasted grid or other plate types into stomgc 
battery plates. (Often confused with Developing.) 

Foreign Material: Object onable substances. 

Freshening Charge: A charge given to a battery which has been standing idle, to keep it 
fully charged. 


1 


\ 



Fro. 1,737.—Combination cell tester for open voltage and cadmium tests. It does away witb 
separate meter and prods. Cadmium extension removable for immersion when not in use. 

Gassing: The giving oflf of oxygen gas at positive plates and hydrogen at negatives, which 
begins when charge is something more than half completed, depending on the rate. 

Gravity: Common term for specific gravity. 

Grid: Cast or stamped frame-work in which active material is retained. 

Group: Any number of positive or negative plates properly joined leather. 

Hold-down: Device for keeping separators from floating or working up. 

Jar: Container for element and electrolyte. Usually of hard rubber. 

Lug: Vertical projection from grid for connecting with and burning to strap. 
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Mud: (See Sediment.) 

Nipple: A sleeve or distance piece placed over terminals to separate covers of a double cover 
cell. 

Over Charge: Continuance of charge beyond that appiarcntly or supposedly necessary to 
improve condition of cells. 

Over Discharge: The carrying of discharge beyond proper cell voltage; shortens life if carried 
far enough and done frequently. 



Fios. 1,738 and 1,739 —Besco post drill. Pig. 1,738, operation of drill; fig. 1,739 view of drill. 
In operation^ it drills down a batten' post through the cell connector, leaving the con¬ 
nector an 1 tne post irtact and usable. The post drill is useful in tearing down batteries, 
saving the material for rebuilding the battery again. 

rTo, 1,740 —Post reducers. Used to trim battery posts to proper size for terminal connectors 
or point them for burning The cutters have 10® taper and range in size from 11/16 to 
% in. opening. 



Fio. 1,741.—Post builders. When a battery is opened the posts of the plate straps must be 
drilled down and again built up on assemblage. There are seven necessary sizes, rangmg 
from to in. 
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PoMte: The mixture of lead oxide or spongy lead and other substances which is put into grids. 
Plate: The combination of grid and paste properly “formed/* Positives are reddish brown 
and negatives ^te gray. 

PoUtrity: An electrical condition < The positive tenmnal (or pole) of a cell or battery or 
electrical circuit is said to have positive polarity; the negative, negative polarity. 

Poet: The vertical cylindrical part of strap which receives connector. 



Figs. 1,742 and 1,743.—Besco terminal extractor. Fig. 1,742, extractor; fig. 1,743, applicaticm. 
It ie used for removing brass terminal connectors that are badly corroded and stick tight 
to the post Because of the great force necessary to pull stubborn connectors, it is necessary 
to make this tool out of the very best drop forged stock. Contains sufficient leverage to 
exert great pressure. 

Fig. 1,744 —Besco grouo puller. Plates, separators and groups of a battery expiand in service 
and with age, making it difficult to extract them when disassemblmg a battery. Pullmg 
groups with pliers is unsatisfactory; jars are broken, posts are chewed off, hands are bruised 
and great effort is expended without results. This puller has a vise like grip and the 
harder the pull, the more it grips. An even pull is distributed to both posts, making easy 
extraction without wedgmg the group which ordmarily breaks the rubber jar. 

Potential Difference: Abbreviated P.D. Synonymous with voltage. 

Rate: Number of amperes for charge or discharge. Also used to express time for either. 

Rib: {.See Bridge.) 

Ribbed: (See Separator.) 

Revereal: That which occurs to voltage readings when cells are discharged below a certain 
critical pomt or charged in the wrong direction. 
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“'^= *“*’ a “*«=■'• thidf «M proof 

-WdT •“““ ‘1“ of odls: 

SMnunt Space: That part of jar between bottom and top of bridge. 

P'»ro* of opposite polanty; usually of wood rubber or 

array: Fine particles of electrolyte carried up from the surface by gas bubbles. (See Gasstng,) 



wd l.ghung pla^^s~Thrba e Ifh '^^is rack will handle all types of starting 

a separat^pie^^^e oneI.de of 'JT holding plates cu"l 

equipped w, h p nrhUiL nTn ^‘■her for H". It is 

plates with legs at the corner or with lugioVwt Two ronTb''’'*' "‘‘‘ ^'’“h “ fo* 

one IS m ^de for twenty-seven H" olatpci and th *i, ^ ^®^hs or spacing bars are provided, 
are adms.ed to the .^o“ r'=Lf^ht‘’Lth ?h"u.i^'-n-ocomb, 

burned. 

Aulphate: Common term for lead sulphate. (PbSO^ ) 

""tli'l^r^IgTtrt ‘rS^nl. ?Lr “ over, 

being self-discharged. ^ ^ ^ * charges or from standing idle some tune and 

Sulphate Readme: A peculianty of cell voltage when plates are considerably sulphatcd, 
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where charsing voltage shows abnormally high figures before dropping gradually to nmnnal 
charging voltage 

Terminal: Part to which outside wires are connected. 

Vent or Fenf Cap: Hard or soft rubber part inserted in cover to retam atmoaphenc preaa 
ure within the cell, while preventing loss of electrolyte from spray. 

Voltage: Electrical pressure or potential difference, expressed in volts. 

Wall: Jar sides and ends 

Washing: Removal of sediment from cells after taking out elements, usually accompanied 
by rinsing of groupis, replacement of wood separators and renewal of electrc^yte. 

Watta: Product of amperes and volts. 

Watt~Houts: Product of amperes, volts and time in hours. 



PiQS 1,751 and 1,752 —Besco gang connector mould. Where only three of the popular suet 
(7-11-13) cell connectors are desired, this gang connector mould will fill that requirement. 
The construction is rugged for moulding double taper castings A sufficient quantity of iron 
IS used to retam the heat for continuous operatinn 



Pros. 1,753 and 1,754 —Besco radio terminal mould. It is so ffoade that differesd lengtha d 
5/16 in screws mav be used. 
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Inspecting a New Battery.—On receipt of the battery it 
should be wiped clean of dust and i)articles of packing, and the 
nipples should be discarded. The case sliould be carefully ex¬ 
amined and if there be evidence of damage in transit, claim 
should immediately be made against the carrier. 

Remove the vent caps from the cells and determine the height of the 


Hg. 1,755 —Plates of Edison storage battery The 
positive or nickel plate consists of one or more per 
forated steel tubes, heavily nickel plated, filled with 
alternate layers of nickel hydroxide and pure metallic 
nickel m excessively thin fiakes The tube is drawn 
from a perforated ribbon of steel, nickel plated, and 
reinforced with eight steel bands, equidistant apart, 
which prevent the tube expandmg away from and 
breaking contact with its contents The tubes are 
flanged at both ends and held in perfect contact 
with a steel supportmg frame or grid made of cold 
rolled steel, mckel plated The negative or iron 
plate consists of a grid of cold rolled steel, nickel 
plated, holding a number of rectangular pockets 
filled with powdered iron oxide These pockets are 
made up of very finely perforated steel nickel 
plated After the pockets are filled they are inserted in the grid and subjected to greaft 
pressure between dies which corrugate the surface of pockets and force them into good 
contact with the grid 

solution in each cell If the height of the solution in all the cells be umform, 
there is no indication of a leaky jar 

In a new battery, the density of the solution m the cells should read 
1.275 to 1 285 or somewhat less, depending on the elaosed time since the 
battery left the factory, temperature conditions, etc If the density of the 
solution read below 1 250 the battery should be given a freshemng charge 
until the hydrometer shows a density of 1 280 to 1 290 Care should be 
taken to charge in the proper direction, the positive terminal of the battery 
should be connected to the positive side of the charging system Replace 
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the vent caps, screwing them in tightly, and place the battery on a clean, 
dry spot for 24 hours as an extra test for a leaky jar, and note whether there 
be any dampness in the battery. 


Preparing New Batteries for Service*—^Upon receipt of a 



Fia. 1,756.— Complete element of Edison storage battery with insulatoiB. After the plates an. 
assembled into a complete element, narrow strips of treated hard rubber are inserted be^ 
tween the plates, thereby separating and insulating them from each other. The side in¬ 
sulator is provided with grooves that take the edges of the plates, thereby performing the 
dual function of separating the plates and insulating the complete elements from the steel 
container. At the ends of the element, that is between the outside negative i^tes and 
container, are inserted smooth sheets of hard rubber. At the bottom, the element rests 
upon a hard rubber rack or bridge, insulating the pates from the bottom of container. 

Fio. 1,757.—Four Edison cells (type A-4) in wooden tray. 

NOTE .—If two pieces of very thin bright sted be placed out of doors for a few wedcs. 
they become rusted. The action of the oxygen on the outer layer of the metal has formed it 
into an oxide commonly known as "'rust.’* Now i^ace these two pieces of steel in a solutkm 
composed of potash and water, and connect them wires to a small dynuno. The electricity, 
in flowing from the dynamo tturough the solution, from one of the plates to the o.*^her and ba^ 
to the dynamo, changes the rust to metallic iron on one of the plates, but causes tha other plats 
to become “rusted” twice as much as before. 
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new battery, after making an inspection as directed in the 
previous paragraphs, proceed as follows: 

1. Determine whether the battery has been shipped 

a. Charged 

b. Unfilled. 

c. Dry. 

d. Dry charged. 

A charged battery is one in which the electrolyte has been added and 



Fig. 1,758 —Top of Edison cell showing check valve and filling aperture for adding distilled 
water. 


NOTE — Chemistry of the Edison Storage Battery, The fundamental principle of 
the Edison storage battery is the oxidation and reduc* ion of metals m an electrolyte which neither 
combines with nor dissolves either the metals or their oxides An electrolyte also, notwith 
standing its decomposition by the action of the battery, is immediately reformed m equal 
quantity, and is, therefore, a practically constant element without change of density or con¬ 
ductivity over long periods of time Therefore, only a small quantity of such electrolyte is 
necessary, permitting a very close proximity of the plates Furthermore, it is unnecessary to 
take hydrometer readmgs until about 300 cycles of charge and discharge have been made, 
this 18 simply to determme when it is necessary to empty out the old solution and put m new 
The active materials of the electrodes bemg msoluble in the electrolyte, no chemical deteriora¬ 
tion lakes place therefrom The chemical reactions in chargmg the Edison storage battery 
are, the oxidation from a lower to a higher oxide of nickel m the positive plate, and the reduc' 
Don from ferrous oxide to metalhc iron m the negative plate The oxidation and reduction 
are performed by the oxygen and hydrogen set free at the respective poles by the electrolytic 
decomposition of water during the charge The chargmg of the positive plate is a pixxress of 
increasing the proportion of oxygen to nicke* 
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given an initial charge It is shipped in a fully charged condition and 
with the propel amount of electrolyte in the cells. 

An unfilled battery is one which has been assembled with damp, treated 
separators, without electrol 3 rte ever having been added and with plates 
which require an initial charge. 

A dry battery is one which has been assembled with dry separators, with¬ 
out electrolyte ever having been added but with the plates in a charged 
condition. 


o 

o 

o 


?ias. 1,759 to 1,766 —Edison stor .irc battory construction. The arrangement here shown xnakes 
a gas tight and liquid tight p.uking between the top of the container and the poles. The 
steel lugs of the standard conn<*cior shown at the top are exactly tapered to fit the tapered 
steel poles. When forced into vx>bition by the pole nuts, the contact is made perfect. 



2. To each unfilled, dry or dry charged battery there is at¬ 
tached an identifying tag or label before the battery is shipped. 

If battery h&s been shipped charged: 

1. Remove vent plugs and examine height of electrolyte; if it be at or 
below the top of the separators, add suitable water tmtil levrel of the solution 
is just below the bottom of the filling tubes. If there be evidence that 
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electrolyte has been lost from any cells in transit, use electrolyte instead of 
water to make up the loss on these cells. The specific gravity of this 
electrolyte should be the same as that in the surrounding cells. After 
adding water, replace and tighten plugs and give the battery a charge. If 
for any reason, the battery stand idle for a considerable period, make sure 
it receives the attention required by a battery in wet storage. 

2. Shortly before the battery goes into service give a freshening charge, 
continuing charge as long as the specific gravity of the lowest gravity cell 
shows any increase and then for at least 5 hours after the last increase is 
shown, so that the charge is continued until the specific gravity has stood 
still for 5 hours. 



Fia. 1,767.— Battery repairs 1, A Gould 6 volt 81 ampere hour storage battery used iot 
starting and lighting. This battery was returned for repairs. 

If wood insulated battery has been shipped uncharged: 

1. Remove the vent plugs and fill each cell with 1.335 (36.4 Baume) 
specific gravity electrolyte, which consists of one part (by volume) of pure 


NOTE .—A storage battery is commonly looked upon as a receptacle in which to store 
electricity. Electricity is not concrete matter. In fact, nobody knows just what it is. There¬ 
fore, in the general apprehension of the term, it is not stored. Electricity simply causes a 
chemical change to be effected in certain substances, when it is caused to flow through them. 
These substances, in endeavoring to return to their original state, produce electricity. 




Storage Battery Repairs 


1,265 


sulphuric acid suitable for batteries, to two parts of distilled water, to % 
in. above tops of the separators.* 

2. Wait 5 minutes and then fill each cell again with 1.335 (36.4 Baume) 
specific gravity electrolyte to 5^ in. above the tops of the separators. 

3. The battery must then stand from 10 to 15 hours before it can be 


placed on charge. 





4. After standing for this length 
of time, fill each cell again, if neces¬ 
sary, with 1,335 (36.4 Baume) spe¬ 
cific gravity electrolyte to bring the 
level of the electrolyte in. above 
the top of the separators before 
charging. 

5. Place the battery on charge at 
the finish rate marked on the name 
plate (or as shown on the chart sup¬ 
plied) until the gravity and cell 
voltage stop rising. This charging 
will require at least 84 hours. 


6. The gravitv of a fully charged 
battery varies between 1.280 and 
1.300 (31.8 and 33.5 Baume). If, 
after a charge of 84 hours or longer, 
the specific gravity does not rise for 
two consecutive hours, the gravity 
should be between 1.280 and 1.300 
(31.8 and 33.5 Baume). If it be not 
between these limits, the specific 
gravity should be adjusted to these 
values at the end of the charge. 


♦NOTE.—Never fill with freshly mixed 
electrcdyte that is over 90* F. (32* C) in 
temperature. 


Flo. 1,768 .—Battery repaire 2. I'o remove terminal or connecting link, drill down to a depth 
of % in. using a % in. drill. Then follow up with a 5^ or 11/16 in. drill. Do not drill deeper 
than necessapr so as to minimize the labor of building up the post. Where a torch is available 
instead of drilling, play flame on the center of the post and melt a hole in it. Drilling destroys 
the post. 
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7. If, during the charge, the temperature exceed 110® Fahr. (43® C.) 
the charge rate should be reduced so as to keep the temperature below 110^ 
Fahr. (43® C.) and the time of charging lengthened proportionately. 


NOTE.—Special reference to the Willard wood insulated battery. 

If rubber insulated battery has been shipped uncharged: 

1. Remove the vent plugs and fill the battery to the top of the vent 
opening with 1.275 specific gravity electrolyte (31.3 Eaume). 

2. Wait 5 minutes and fill again to the same point with the same gravity 
electrolyte. 

3. The battery must now be left standing at least 12 hours and not 
more than 24 hours before charging. This is done to permit the acid 


I 



Flo. 1,769.—Method of drawing acid from a carboy. The combination of a large glass bottle 
encased in a wooden box is called a carboy. Attach to box two rockers and fit a piece of 
inner tube to neck of bottle as shown. This will permit pouring the liquid without spilling 
even when the bottle is full. 

to penetrate the active material, which is a necessary step in the prepara¬ 
tion of the battery. Wliile thus standing the level of the electrolyte will 
drop, due to the absorption of electrolyte in the pores of the plates and 
insulation. 

4. Just before charging, fill the battery again with the same gravity 
electrolyte as mentioned above, up to the under part of the vent holes. 
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After this do not fill the battery with anything but distilled water. 

5. The battery should then be on charge at finish rate shown on name 
plate, or as shown on the chart supplied. This should be prolonged until 
the specific gravity stops rising. At tne end of the charge the specific 
gravity should be between 1.280 and 1.300 or 31.7 to 33.5 Baume, which 
may take 36 to 72 hours. 

6. Due to the charging process it is very likely that the water will 
evaporate in which case the level of the electrolyte will go down. Distilled 
water should then be added so that the plates are entirely covered with 
electrolyte, which should be about % in. above them. The important 
matter to observe is the temperature of the electrolyte, which should not 
exceed 110® Fahr. (43° C.). Should the temperature rise above this point, 



Pio. 1,770.“ -Battery repatn 9* In removing the top connectors, place a file or a flat piece of 
steel along the edge of the case. Place an ordinary screw driver underneath the connector 
and py it off. The object of the file or piece of steel is to protect the case from breakage. 

battery cnarging should be discontinued for a while or the rate of current 
decreased. If the gravity stop rising for two consecutive hours, it is a sign 
that the battery is fully charged, and the only thing necessary is to equalize 
the specific gravity in the cells so that they shall be about the same. For 
instance, if the specific gravity of electrolyte in one cell be over 1.300, 
remove a certain amount of electrolyte replacing it with distilled water. 
Similarly if the specific gravity be below 1.275 remove a certain amount of 
electrolyte and add the same amount of 1.400 sulphuric acid. The charging 
should then be continued for another hour so as to get the solution mixed 
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properly. Care should be taken not to prolong the charging unduly, for 
that would be bound to injure the plates, causing the material to fall from 
the grids. On finishing the charging of battery the vent plugs should be 
replaced. 

Preparing the Electrolyte.—The electrolyte is the solution 





Tflo. 1,771 .—Battery repaire 4, Brush off the accumulation of lead and dirt from the top of 
the battery. Care should be exercised to keep foreign substances from the inside of the bat¬ 
tery, especially metal which may become lodged between the plates and separators and even¬ 
tually cause short circuiting. 

in the battery and consists of a definite mixture of pvure sul¬ 
phuric acid and distilled or other suitable water. The sul¬ 
phuric acid must be chemically pure. 





Storage Battery Repairs 


1,269 



Fig. 1,772. — Battery repairs 5. Remove 
vent plug. This should be done before 
using a flame around the battery, because 
hydrogen gas is generated in a battery 
and its presence may cause an explosion. 
This gas can be quickly expelled by blow¬ 
ing into the cells with a bellows. As the 
vent plugs are made of hard rubber, which 
is easily broken, do not attempt to remove 
them with a pair of pliers. 



Fla. 1,773.—Curves for mixing full strength acid and water. Full strength or exmeentrated 
sulphuric acid is a heavy, oily liquid, having a strength (specific gravity) of about 1.835. 
If put into the battery, it would quickly ruin it, and must therefore yirs/ be diluted with pure 
(distilled) water to the proper strenfl^ for the particular type of battery, to which it is to 
be added. In mixing, take the following precautions: 1. Use a glass, china, earthenware, 
rubbet or leslcl vessel; never metallic other than lead. 2, Carefully pour the acid into ike water; 
not the water into the acid. 3, Stir thoroughly with a wooden paddle and allow to cool 
before taking a hydrometer reading. The electrolyte like most substances expands with 
rise in emperature; this affects the hydrometer reading. Correction for h^/epometet 
reading: Add <me point to hydrometer reading for eeery 3** Fdkr, increase in temperature abeee 
70®. 
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The use of low standard or impure electrolyte is a sure cause of battery 
trouble. 

Do not confuse chemically pure sulphuric acid with sulphuric add of full 
strength. For example, if a small quantity of some impurity be introduced 
into acid which is both chemically pure and of full strength, it would not 
materially reduce the strength, but would make it impure. On the other 
hand, if such acid be diluted by mixing with pure water it would still be 
pure, but its strength (specific gravity) would be reduced. 



Fig. 1,774 . —Battery repairs 6. Soften the sealing compound around the edges of the covers 
by playing a gas or torch flame over the compound. It is best to play the flame back and 
forth and not steadily in one place. 

Full Strength or concentrated sulphuric acid is a heavy, oily liquid 
having a strength (specific gravity) of about 1.835. If put into the battery, 
it would quickly ruin it, and must therefore, first be diluted with suitable 
water to the proper strength for the particular type of battery to which r 
is to be added. 

If electrolyte of the proper strength be not on hand, it may be prepared 
from chemically pure sulphuric acid by mixing the acid with pure water 
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The acid may be of any strength, provided it be stronger than the electrolyte 
desired, but it should be borne in mind that especial care must be taken in 
handling it when stronger than 1.400 and extreme care when it is stronger 
than 1.600. The proportions of acid and water depend upon the strength 
of the acid. Fig. 1,773 gives the proportions when the acid used is full 
strength or concentrated, which means a strength of 1.835. 



Pla. 1,776.-Baf f«rir rmpaira 7. Dig out the compound around the edges of the covers by uaiot 
a heated screw driver, chisel or plumber's lead scraper. 
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When mixing, take the following precautions: 

1. Use a glass, china, earthenware or lead vessel; 
never pietallic other than lead. Rubber may be used 
except when mixing acid of 1.600 gravity or stronger. 

2. Carefully pour the acid into the water; not the 
water into the acid, as this might cause sputtering and 
therefore personal injury. 

3. Stir thoroughly with a wooden paddle, and allow 
to cool before taking a hydrometer reading of the 
strength. If acid of 1.835 gravity be used, the wooden 
paddle should be coated with sheet lead. 

Electrolyte, like most substances expands on heating, 
affecting the hydrometer reading. To compare different 



Fiq. 1,779 —Fahrenheit scale. To correct specific gravity for temperature read thermometer 
to nearest + or — division. If +add to hydrometer reading. If — subtract. Example: 
thermometer 79 (correction + 3), hydrometer 1.209. Corrected gravity 1,209 -f 3 — 1,212. 

Fiq. 1,780 .—Battery repairs 10, Apply the gas flame to the inside of the jar for an instant, 
then run a hot putty knife around the edges between jar and cover. Now place the battery 
on the floor and holding it firmly between the feet, grasp the terminal posts with two pairs of 
pliers and lift che element and cover out together. 
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hydrometer readings, therefore, the temperatures should be about the 
same. It is not necessary, however, to actually bring the temperatures to 
the same value, because it is a known fact that every 3 degrees increase 
in temperature decreases the hydrometer reading 1 point, and this fact 
can be used in estimating what the hydrometer reading would be at an¬ 
other temperature. For example, if the hydrometer reading at 95® be 
1.275 it would be 15 points more, or 1.290 at 50®. Therefore, although 



Fia. 1,781 .—Battery repairs 11. Di ain elements by resting them at an angle on top of jan 
While the elements are draining apply a flame around the terminal pos^s and remove covers 
The covers may have warped from the heat. If so, they should be piaced in boiling watet 
and flattened out on a smooth surface to cool. 

the two actual readings differ by 15 points, the difference is all due to 
temperature, and if the temoerature were the same the readings would be 
the same. When the temperature is much above or below normal, the 
hydrometer readings should be corrected for “temperature.” 

In ordering sulphuric add specify that it shall be chemically 
pure 1.835. 
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WORK GROUPS GENTLY 



Fia. 1,782 .—Battery repaira 12, If separators be in good condition, and a jar replacement 
only is to be made, set the element, with bottom covet. in electrolyte or water till ready to 
replace. If separation is to be renewed and plates examined, separate the positive and nega* 
tive groups. Grasp the elements firmly and work the groups gently back and forth. 



1,783 .—Battery repaira 13, Method of removing separators. Take a putty knife and 
run it between the plate and the separator. It is always best to renew the separatcx^. When 
a new battery is received for replacement of a leaky jar the separators will generally be 
found in good condition so as not to require renewal. Used separators should never be allowed 
to dry out but should be kept immersed in water. 
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The readings should be taken at from 70° to 90° F. So called “commercial 
add" is not satisfactory for use in storage batteries, and therefore, add or 
electrolyte should be purchased from a storage battery company or a dis¬ 
tributor. Inasmuch as the greatest density of electrolyte that should be 
put in the cells is 1.400, distributors carry electrolyte of this density. 

When the battery is fully charged the electrolyte should show a specific 
gravity of 1.280 to 1.290. 

For developing repaired cells with new positive and negative plates the 
initial electrolyte density should be 1.200. 



Fio. 1,784 .—Battery repairs 14. Inspection of plates to determine whether or not they 
require replacement. If battery has been overheated through overcharging or short circuiting 
this will hie indicated by brittle and buckled plates with active material granular and falling 
away from the grid. Plates in this condition will have to be replaced. If electrolyte has not 
been kept above the plates the tops of the plates will show a white substance known aa 
sulphate. 

Fio. 1,785 .—Battery repairs 15 .—^Positive group showing buckled plates. A group of buckled 
plates which, when reassembled, will not go into the jar readily, should be replaced with a 
new group. 


NOTE .—If the battery has been allowed to remain in a discharged condition for any 
length of time it will be indicated by sulphated plates. This sulphation is susceptible to removal 
by digging at a low rate for a long period. This rate should be about one half the ncMinal 
charging rate conimued until the specific gravity and voltage reaches a maximum value. 
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For developing repaired cells with new positive and old negative plates 
that are in a charged, wet condition, the initial electrolyte density shotdd 
be 1.250. 

When wood separators only are replaced in a charged cell the initial 
electrolyte density should be 1.280®. 

For developing batteries shipped ‘‘bone dry” special instructions are 
given on tag accompanying each battery. 



Fig. 1,786.— Battery repairs 16. Method of straightening buckled plates' Insert boards ol 
suitable thickness between the plates and over each outside plate; place the pile in a vise, 
apply a gradual pressure, exercising care that the plates are not subjected to a severe strain, 


To bring up the density of the electrolyte in a low cell the strength ol 
the electrolyte added should not be greater than 1.400 or it may damage 
the plates and separators. 


♦NOTE .—The condition of the negative platee is sometimes such that they may 
used again with new positives- In this case the negative group should be immersed in watex 
to prevent the plates drying out through heating or expx)6ure to the air. If the positive 
plate be fairly hard, and has not lost much of its surface, it may be used again. Occasionally 
it hapi^ens that one or two plates in a group require replacement while the balance of the 
are in good condition In this case new plates may be used in replacement. 
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Never add pure sulphuric acid to a cell, os it will gas and heat violently 
and will damage the plates a/id sebaraiors. 

Table showing approximate number of parts of pure water to 10 parts 
of sulphuric add (specific gravity 1.835) to prepare electrolyte of different 
densities. 

READINGS AT 70" F. 


Density Parts by weight 

1.260.17. 

1.275.16. 

1.280.15. 

1.300.13^. 

1.400 . 8M. 


Parts by volume 

.30. 

.28. 

.27. 

.25. 

.15.8 



Fio. 1,787 .—Battery repairs 17 »—^Pour old 
electrolyte in a glass jar. A glass jar is 
best adapted to the purpose so as to disclose 
the sediment which will settle at the bottom. 
Sometimes impurities get into the electro' 
lyte and as a precautionary measure it is 
not advisable to use the old solution. 
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Fia 1,788 —Battery repatre 18 .—^Note the sediment which has settled at the bottom of the 
jar containmK electrolyte Under normal usage this sediment will not be considerable. A 
large amount of it indicates that the cell has been o/erheated, and that the solution hasnoi 
been kept above the plates by addmg distilled water at regular intervals 



1*10. 1,789 —Battery repaire 19 ,—Pour off clear electrolyte. Never allow the sediment to get 
mto the battery as it wow.ld impair the efficiency ot the separators. 
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Ques. What may be said with respect to impurities in the 
electrolyte? 

Ans. The electrolyte should be free from chlorine, nitrates, 
acetates, iron, copper, arsenic, mercury, and the slightest trace 
of platinum. 

Mercury alone has no injurious effect unless it be present in sufficient 
quantity to amalgamate the plates, but in combination with any other 
metal, may cause local action. 



Fig. 1,790 .—Battery repairs 20, Wash out jars with a water hose The case is placed on its 
side over a sink as shown and thoroughly washed out. Be sure that all sediment and foreign 
matter is removed from the cells before installing the plates. 



Fig. 1,791.—^Besco battery vise and plate press. Serves a double purpose. As a battery vise 
it clamps the battery firmly without injury, making it easy to extract groups, cells or rubber 
jars. As a plate press it assures a steady graduated pressure so essential in straightening 
suckled plates or pressmg groups back into shape to fit jars. Can be *x>lted to floor or benca> 
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The following tests should be made for impurities before the 
electrolyte is poured into the cells: 

Chlorine .—To a small sample of the electrolyte add a few drops of 
silver solution (20 grains of silver dissolved in 1,000 cu. cm. of water). 
A white precipitate indicates chlorine. 



Fig. 1,792 —Battery repairs 21. Clean case ready for assembling of elements. Inspect the 
jars carefully for cracks or other imperfections. Jars exhibiting such defects should be re¬ 
placed with new oneh. 



Fig. 1,793 —Battery plate press, it is made for 
straightening and forcing of a.:tive materials back 
into the grids This plate press is ma le oi cast iron 
and reinforced to withstand the necessary pressure. 
A great amount oi force can be applied and 

quickly. 
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Nitrates .—Place some of the electrolyte in a test tube, and add 10 
grains of strong ferrous sulphate solution. Carefully pour down the side 
of the test tube a small amount of chemically pure concentrated sulphuric 
acid. A brown stratum between the electrolyte and the cpncentrated 
acid indicates the presence of nitric acid. 

Acetic Acid .—Neutralize the electrolyte with ammonia, then add ferric 
chloride. If the solution turn red, and is afterwards bleached by the ad¬ 
dition of hydrochloric acid, acetic acid is present. 



Fiq. 1,794 .—Battery repairs 22. To remove a jar fill it with boiling water and allow it t« 
stand for at least live minutes. This will loosen the sealing compound surrounding the jar. 

Iron .—Neutralize a sample of the electrolyte with ammonia; boil a small 
portion of hydrogen peroxide, and add ammonia or caustic potash solution 
until the mixture becomes alkaline. If a brownish red precipitate form, 
it indicates iron. 

Copper.—If copper be present, a bluish white precipitate will be formed 
when ammonia solution is added to the electrolyte. 

Mercury.—This is indicated by an olive green precipitate when a 
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solution of potassium iodide is added to the electrolyte, or by a black 
orecipitate when lime water is added. 

Platinum .—A rough test for traces of platinum is made by pouring 
the electrolyte into a cell in which the battery plates are immersed. If 
gassing take place for some time on open circuit, it is an indication of the 
presence of platinum. 



Fla. 1,795 .—Battery repairs 23. Grasp the edges of the jar to be removed with two pairs of 
pliers as illustrated and pull it straight up. Care should be exercised so as not to damage 
adjacent jars. 

Table showing approximate number of parts of pure water to 10 parts 
electrolyte (1.400 spec, gravity), to prepare electrolyte of different densities. 


READINGS AT 70° F. 

Density Parts by weight Parts by volume 

1.260.4.7 . 

1.275.4.6. 

1.280.4.53^ 

^300.3. AH 
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Specific Gravity of Electrolyte in Tropical Countries.— 
The electrolyte used in automobile batteries in tropical climat^ 
is purposely made weaker because such batteries operated in 
tropical climates give better results if the solution be weaker 
than that used in batteries for cooler climates. 



Fio 7^—Battery repairs 24. Inspection of case before putting m new jars. Remove 
the and sealing compound so as not to hinder the jar's from being placed properly 

Places where freezing of water seldom or never occurs are regarded as 
having tropical climates In countnes where the average temperature is 
around 100*’ or more throughout the year, it is recommended that the 
specific gravity of a fully charged battery be kept at about 1 280 ordinanly 
used This is due to the fact that with the increase of temperature, the 
specific gravity of electrolyte decreases, the ratio being that for each 3' 
increase of temperature, there is a decrease of one point m spiecific gravity 
This means that when the temperature has been increased SO*’ the gravity 
actually reading on the hydrometer would be 10 points less than it would 
be if the temperature were normal 

In this way, if the standard specific gravity (1 280) were used, the actual 
specific gravity of a battery in hot climates would be from 10 to 25 points 
too high, with the result that the batterv would be weanng out faster. 
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Installatioii of Batteries. —When installing a new battery the 
following precautions should be taken: 

1. Battery compartments must be well ventilated, but in such a way as 
to keep out water, oil, dirt, etc. Install battery so that all cells are 
easily accessible for adding the water necessary to replace loss from 
evaporation. 



Fiq. 1,797 .—Battery repairs 25. Heat jar before placing it in the case. This may be accorn^ 
(dished by pouring boiling water in the jar. If hot water be not available play a light flame 
around the outside of the jar. 


2. Arrange connections so that positive of charging source will connect 
with positive of battery, and negative of charging source with negative 
of battery. Test charging wires for positive and negative with a volt 
meter, or dip the ends of the wires in a glass of salt water, but do not 
allow ends of wires to touch. In the water, fine colorless bubbles will be 
given off from the negative wire. 
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6. If a battery be allowed to jump around in its compartment, the 
result is unnecessary wear or breakage or both. The ribs in the bottom 
of the jars may wear grooves into the plates and separators or the plates 
may wear grooves into the ribs. Battery terminal posts are sometimes 
broken as the result of a loose battery straining on a connecting cable 
which has become taut as a result of the battery moving. 

7. Always see that the battery is fastened securely in place by means of 
holding devices. 



Fia. 1,799 .—Battery repairs 27. Place a paraffined wood veneer shim between the jars to 
sectire a proper spacmj and a tight fit. 

To Install New Battery on Car.—See that the positive and 
negative terminals of the new battery are in the same position 
as those on the one it is to replace. This is of importance, 
especially when the car is equipi)ed with an electric starting 
and lighting system. 

Six volt batteries have one positive and one negative ter¬ 
minal. 

Batteries used on 12, 16, 18 and 24 volt systems often have 
a greater number; and different systems have these terminals 
located in different positions. 
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If the connections be not made correctly the starting and lighting system 
will not operate properly, and if the terminals of the new battery be not 
in the same position as those on the battery to be replaced, the wiring 
must be changed to fit the new battery. Usually the polarity of each 
terminal is stamped thereon, but as an extra precaution this should be 
checked with the volt meter. 

Rub connections and terminals with sand paper until they are clean and 
bright. Go over them with a rag dampened with ammoniated water (one 
part ammonia, ten parts water) and screw connectors tight to the ter¬ 
minals. Coat the terminals and connectors with vaseline or heavy grease. 



Fig. 1,800.— Battery repairs 28. First step in replacing elements. Take the positive and 
negative groups to a clean, flat table. Always make sure that the work table is free from lead 
scrapings or foreign subotances of any kind as these substances v'ill adhere to wet separators, 
and if not removed will cause short circuiting of the plates. 


Be careful that the battery hold downs or other devices for keeping the 
battery in place are suitable for the new battery. 

If the car be equipped with a starting and lighting system have the 
owner operate the engine; first, to see that the battery revolves the starting 
motor, ancbsecond, to see that the battery receives the proper charge when 
engine is running. 

Battery Storage.—Batteries which have electrolyte in the 
cells, must during the idle period, be kept charged, have water 
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added as necessary, and not allowed to become extremely hot 
or extremely cold. The question usually arises whether it is 
better to dismantle the battery and store it dry or put it into 
storage as it is, this being termed wet storage. 

Any battery which is to be out of commission should, if possible, be put 
into wet storage, provided it will not soon require dismantling, in which 
case it should be put into dry storage. Dry storage requires no attention 
during the storage period. The battery must, however, be dismantled 
and reassembled, and if its condition be such that this will soon be re¬ 
quired anyway, dry storage is obviously the better method. 
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Fro. 1,801. —Batterif repaira 29. Second step in replacing elements. Intermesh the positiin 
and negative group. As the negative group contains one more plate than does the poshiva, 
both outside plates will be negative. 
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Dry Storage, 

1. Provide a dry place for storage, free from dust. 

2. Have on hand enough approved water to fill all the cells. 

3. Empty the battery solution by tilling and turning over the battery 
and immediately replace the solution with the water. 

4. Allow the battery to stand filled with water for approximately 10 to 
15 hours. 

5. Give the battery a charge, continuing until all cells gas freely and 
until half hourly readings of the specific gravity of any certain cell and 
of the voltage of the battery as a whole both show no further increase 
over a period of 1 hour. 



Fia. 1,802 .—Battery repairs 30, Complete element ready to receive separatorB. 


6. Unseal the cells and pull out of the jars the elements complete with 
covers; that is, without removing sealing nuts. 

7. Remove the separators. 

8. Wash the plates by dipping them several times in water. 

9. Replace the separators, using new ones for the wood separators. 
Be sure these are thoroughly saturated. Where there are rubber sep¬ 
arators, they may be used again, if they are not broken or cracked. 

10. Pour the water out of the jars 
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11. Put the elements back into the jars and reseal before the negatives 
dry out. 

12. Put a tag on each battery, giving the date put into storage. 

13. Replace and tighten vent plugs. 

14. Within 12 months put the battery into service. It is preferable to 
do this immediately and then keep in wet storage on trickle charge. 

15. If it be impossible to reseal the cells, as covered in item 11, pro¬ 
ceed as in items No. 1 to No. 6, inclusive. Then remove the wood separa¬ 
tors and throw them away. Where there are rubber separators, replace 
them between the plates. Allow the plates ^o drain and thoroughly dry. 
Pour the water out of the jars. Put tne elements back into the jars, but 
do not seal. 



Fia. 1,803 .—Battery repairs 31, Method of inserting separator. Lay the element on its 
side and put the separator retainers in piosilion. Insert a separator between each pair ot 
plates. If wood separators only be ust^l, the grooved side of the separator should be next to 
the positive side. If wood separators and rubber sheets be used, they should be inserted 
together, the rubber sheet between the positive plate and the grooved side of the wood 
separator. See that the separators are against the retainers and that they extend equally 
on either side of the element Carefully check up separators after assembling as to omit a 
separator would cause considerable trouble possibly spoiling the cell. 

Wet Storage. 

1. Provide a bench or shelf in a convenient location and of sufficient 
size to allow a little air space all around each battery. 

2. Place the batteries upon wood strips, in order to keep the bottom 
of the batteries clear of the bench. 
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3. Install the necessary wiring, switches and charging resistance, so that 
batteries can be easily connected up and charged where they stand on 
the bench. 

4, Apply vaseline freely to all exposed metal other than lead. 



Fig. 1,804. —Battery repaire S2» Complete element. The element should be grasped by 
pillar post and lowered gently into the jar. This should be done very carefully to avoid 
breaking the jar. 



Fros. 1,805 and 1,806.—Willard positive and negative groups of plates. Fig. 1305 negative 
group: fig. 1,806, positive group. 
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5. Batteries may be kept in wet storage by means of either the trickle 
charge or periodic charge method. 

Battery Testing in the Car.—If the battery be in a car it 



Fia. 1,807 .—Battery repairs 33. Method of heating putty knife with torch preparatory tf 
cleaning the cover*. 



Fio. 1306.—^Willard positive and negative groups being assembled. 

Fig. 1,809.—Willard element or assembly of pos-tivc an.i negative plate groups with sep&ratnra 
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should be tested with the hydrometer to determine the state 
of the charge of the cells, and to determine if the density of 
the solution in the cells be uniform. 

The height of the solution should also be determined, and if not at the 
proper height, the cell should be replenished with pure water. If no trouble 
be indicated, see that the case is clean, wiping with ammonia solution, one 
part ammonia and ten parts water. See that the terminals are tight and 
that the battery is held rigidly in the battery box. 

If the test show the level in one cell lower than in the others, it is indica¬ 
tive of a leak or that acid has been spilled from this cell. 

If one cell be markedly low in gravity, or if owner complain that he has 
to fill one cell more frequently than the others a leak or spilling as just 
mentioned, is also indicated. A leaky cell should be repaired at once. 



Fig. 1,812 .—Battery repaire 35, Sometimes the bottom cover will not fit properly over th* 
element. By using a pair of pliers in the manner illustrated, it will be an easy matter to 
locate the centers. 
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If on the other hand, low acid level or low gravity be due to spilling, the 
battery should be charged and acid density adjusted. 

If, however, the test show that all of the cells are in com¬ 
pletely discharged condition, or the owner complain that he 
is unable to keep the battery charged, the wiring and starting 
S3rstem should he checked as follows: 

1. Point of dynamo cut in, 
also the speed of the car at 
which the dynamo commences 
to give the battery its normal 
charge. Dynamo systems are 
designed to give this charge at 
about 12 miles per hour, and 
if the dynamo do not, it is prob¬ 
able that the battery is not 
receiving suff aent charge. 

It may be that the commuta¬ 
tor is dirty or is covered with 
oil from the dynamo beanngs. 
In this case the resistance be¬ 
tween the commutator and 
brushes may prevent the 
dynamo charging the bat¬ 
tery at the proper rate. The 
commutator should be carefully 
examined and if found to be 
dirty should be cleaned with 
sand paper. 

2. If the cut out switch be 
not working properly the bat¬ 
tery will discharge back into 
the dynamo, thus losmg power. 

Fio 1,813 —Battery repaire 36» If the cover do not fit cloeely to the terminal poets, at 
the wall of the jar, the openings should be calked with hemp twine or tow to prevent the 
melted sealing compound flowmg mto the jar 
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Fio. 1,814 .—Battery repaire S7. Small gas stove and ordinary coffee pot used for mfilttig 
and pouring sealing compound. 



1,815 .—Battery repaire S8, Application of compound. Always pour the compound m 
that it will fill all spaces and reach to a height level with the top of the case. Also see tlMit 
it flows evenly over the whole surface. 
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3. The wiring may be accidentally grounded to the metal frame work of 
the car, in which case there will be a continual leak from the battery. If 
the car be wired on a single wire system, in which one side of the battery is 
intentionally grounded, break this grounded connection and shut off the 
lights and the ignition. Then test with the volt meter, connecting one post 
to a battery terminal, the other to the metal frame work of the car. This 
test should be made with all terminals. If the volt meter show a reading it 
indicates a ground in the wiring. When the wiring is on the double wire 
system it is not necessary to break any connections. 



Kxa. 1,816 .—Battery repaira 39, Before putting on the cover slightly beat it with a gaa 
flame. Also heat the surface of the compound. 

If a groimd exist it should be cleared up before the battery is put back 
in service. 

4. The user may operate a great deal at night and little in the day time, 
or he may drive in a congested district at slow speed, or he may mike fre¬ 
quent stops. Any of these may prevent the battery receiving sufficient 
charge, and imder these circumstances the user should be instructed to use 
his lights as sparingly as possible and only to use the headlights when abso¬ 
lutely necessary. In some cases side and tail lights of lower candle power 
than used on the car may remedy the condition. 

If none of these precautions will allow the battery to receive sufficient 
charge, it should be given a recharge periodically at a service station. 
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For the foregoing tests on the starting system, a small ammeter and volt 
net^r may be used; it is advisable, however, to have a combination instru¬ 
ment especially designed for automobile testing work, of which a number 
are on the market. 

As various starting systems differ materially in operation, it will be well 
to apply to the manufacturers of these 83 rstems for diagrams and instruc¬ 
tions. 

5. A frequent source of battery trouble is loose or corroded connections 
at the battery or at the dynamo. In either case the lottery will not 



WiG. 1.819 .—Battmry impairs 42, After the fonn is removed there is always an excess of seal- 
iog compound. This can be scraped Off with a hot putty knife. 

receive the proper current on charge or give it out on discharge. All con¬ 
nections should, therefore, be examined carefully to see that they are clean 
and tight. 

Testing Battery RemoTed from Car.—If trouble exist that is 
dearly due to the battery or if test on the starting system fail 
to dear the difficulty, the battery should be removed from the 
car for repair or replacement. 
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Battery Troubles. —In order to locate the faults in battery 
troubles: 

1. Go over all connections in the system. A loose or dirty connection is 
often the cause of trouble. If the connections between battery and cable 
terminals be not kept clean, they may corrode, causing a poor connection, 
or else opening the circuit altogether. If the connector be causing the 



Pio. 1,820 .—Battery repairs 43, Terminais should be thoroughly scraped clean of all com¬ 
pound and dirt. It is practically impossible to do a good job of burning if all parts be not 
properly cleaned. 


trouble, remove it and clean the parts thoroughly with weak ammonia. 
Then remove all dirt, apply vaseline, tighten the connections perfectly and 
give the whole connection a heavy coating of vaseline. 

There may be a leak or ground in the wiring. Test for this by turning 
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on all lamp switches and then removing the bulbs from the sockets. Dis¬ 
connect one of the cables at the battery and in its place tightly hold a file 
against the battery post, making sure there is good electrical contact 
between the file and post. Then rub the cable terminal along the file; if 
sparks be noticed, there is a ground in the wiring, which must be looked 
for and removed. 

3. For an automobile battery: 

o. If engine will not crank, turn on lights and attempt to start in the usual manner. 
If lights become dim, battery is in poor condition and should be given a charge 
off the car and the cause of trouble investigated and removed. If lights continue 
to bum brightly, the trouble is elsewhere than in the battery. 

If the dynamo of the starting system be not in proper adjustment, the battery wiU 
not be kept supplied with the proper amount of current. 



Pig. 1,821. —Battery repaire 44. Method of cleaning the inside of connectors with ordinary 
pocket knife. 


If the supply be insufficient, the battery will become discharged; if it be 
too much, the battery will require an excessive amoimt of water and the 
solution will become hot (110® Fahr.). The dynamo should be readjusted 
to deliver more or less current, as the case may require. On all cars, the 
dynamo is originally adjusted to supply an amount of current which 
experience has shown to be the most satisfactory for average running condi¬ 
tions. If the car be run only at night, more current is naturally required 
because the lights use a large part of the current which would otherwise go 
to the battery. If long daylight runs be the rule, the opposite is true 
because then almost all the current goes into the battery. 

4. If the trouble seem to be in the battery, proceed as directed in the 
next secuon. 




Storage Battery Repairs 


1,303 


How to Determine the Necessity for Opening Cells.—If a 

battery seem to be in trouble and the cause be not apparent, 
it may require nothing more than prolonged charging to restore 
it to normal condition. 

To determine what is necessary to restore it, first take a gravity reading 
of each cell and it practicable, make either the high rate discharge test, or, 
if the modified constant voltage system or charging be used, the high 
rate charge test. 

If there be not enough electrolyte to float the hydrometer, add water and 



Fia. 1,822 .—Battery repairs 5. Clean the tops of the connectors with a rasp file to remove 
dirt and oxide. 


put the battery on charge, continmng until the water is thoroughly mixed 
by gassing, then take hydrometer readings. 

If the gravity readings of all cells be within 50 points of each other, most 
likely all the battery needs is a charge with a possible gravity adjustment. 

If the gravity reading of one cell differ from the others by 50 points or 
more: 


NCfTE,-^Before applying the terminal connectors, test all cells with a volt meter to 
tee if they be set up properly. If a volt meter is not handy scrape the rubber bushings on each 
post. The red bushing is positive and the black is negative. The connectors should be applied 
so that the positive of ooe cell is connected to the negative of the next cell. 
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a. Make the high rate discharge test and be guided by its indications; or 

b. If the constant voltage system of charging be used, make the high 
rate charge test and be guided by its indications; or 

c. Put the battery on charge. 

If all the cells gas evenly on the charge and the gravity of all of them 
reach and remain between reasonable limits, the trouble is elsewhere 



Fig 1,823 —Battery repairs 46. Joining connectors and terminals to the posts. Melt the 
top of the post, then the edges of the hole in the connector. Melt strips of antimoniouslead 
and allow the molten metal to run mto the hole in the connector Care must be taken to 
sec that the top of jxist and inside edges of the connector are melted together before applymg 
additional lead. If this be not done the connection will surely pull loose Care should also 
be taken not to melt the outer edges of the connector Practice will be found necessary. 


tlwn in the battery. Locate the cause of trouble and remove it. Other¬ 
wise, record all gravities outside of these limits, resume charge and continue 
until three consecutive half-hourlv readings of the gravity of all these ceUs 
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show no increase for any of them. Then make a gravity adjiistment on 

those which are more than 10 points low or which are more than 10 points 

high and which are gassing, ^foremaking 

an adjustment for low gravity, determine 

whether the jar be cracked by adding water 

to the proper height and allowing cell or jar 

to stand several hours, noting whether level 

falls. If a jar be cracked, change it. Never 

make a gravity adjustment on a cell which does 

not gas. If a cell will not gas on above jfl 

charging, investigate for impurities, or in- I [j M 

spect it for short circuits. t # 



Fxo. 1,824 .—Battery repairs 47, Testing electrolyte to note condition of charge. 

NOTE .—How to adjust the gravity. First make sure charging will not raise the grasiiy. 
To do thid, continue a charge until the specific gravity shows no rise, and then for 5 more hooxs. 
Never make a gravity adjustment on a cell which does not gas on charge. Make an internal inspec* 
tion to locate the trouble. To adjust low gravity, first have ready sufficient electrolyte of not over 
1 345 specific gravity. Empty the solution out of the cell or cells and at once fill with the pre¬ 
pared electrolyte. Do not allow the battery to remain empty. Charge until all cells have been 
gassing for an hour. Then, if the gravity be not withm proper limits for the type of battery 
being treated, repeat adjustment until desired gravity is obtained. To adjust high gratify, 
remove some of the electrolyte and retrace with water. Charge until all cells have been g—««g 
for an hour. Then, if the gravity be not within proper limits, repeat adjustment until desired 
gravity is obtained. 
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Lead Burning.—^Lead joints in a battery are made by melting 
the parts to be jomed and fomung a sohd weld. The process 
is called lead burning, and is earned out by means of a burning 
outfit. For a repair station, the use of gas is recommended. 
Where burning must be done on a job away from the station, 
the carbon burning outfit is recommended because it is easy 
to carry. 

Various Gas Combinations. —^There are various good com* 
binations, and the decidmg factor is usually the relative 



Fiq 1,825—^Electnc Storage Battery Co ,arc lead bummg outfit In anentbUng b. ^txxzgib 
battery element, a negative plate is laid down with a separator on it, then a positive plate, 
separator, negative plate, etc The plates are so placed that all the lugs of the positive 
plates are on one side and all the lugs of the negative plates are on the other side A strip, 
consisting of flat strips of lead or lead alloys having rectangular openings m it of the same 
dimensions as the cross section of the lug of the plates these openings being spaced to r<^i8ter 
with the lugs, IS then placed over the plate lugs of the positive plates, and a similar strap 
18 placed over the lugs of the negative plates The lugs are then burned mto mtegral umon 
with the straps 

cost and availability of the different gases in the particular 
location in question. Good combinations are: 

1. Air and artificial illuminating gas. 

2. Air and hydrogen. 

3. Oxygen and artificial illuminating gas; 
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4. Oxygen and natural illuminating gas. 

5. Oxygen and acetylene. 

6. Oxygen and hydrogen. 

Both gases must be imder some pressure, the amount depending on the 
cwnbination used and the distance of the source of supply from the work. 



Fio. 1,826.—^Hydrogen gas: generator for lead burning. A coipplete le^ burning outfit con- 
BUts of the following parts: 1, hydrogen gas generator; 2, trap for cleaning the gas and for 
preventing the flame getting ba^ in the generator; 3, air pump; 4, air tank; 5, blow pipe; 
6 lead burner’s mixing tee; 7, suitable length of inch soft rubber tubing. When the gen¬ 

erator is to be used for lead burning, connect up the different parts of the apparatus as 
shown. Fill the trap ^ full with water and be sure to connect the gas generator to the 
nipple on the bottle marked B. The stop cocks N and C, must be closed. See that the rub¬ 
ber plug at D, is secured in place. Put the required amount of zinc in the opening at H. 
(No. 1 generator requires: 15 lbs. zinc, 9 gals.water, 3 gals, vitrol. No. 2 generator re¬ 
quires: 20 lbs. zinc, 15 gals, water, 5 gals, vitrol). After putting in the zinc, add the water 
1 ^ then the sulphuric acid, and note that tha waUr mttsi be always be put ite ^ore the acid. 


NOTE.— When making the connection for the hydrogen gas generator shown in fig. 
1,826, be sure that there are no low points in the hose between £ and N, as water is liable to ac¬ 
cumulate at these low places, which will make the gas damp which is detrimental to the burn¬ 
ing. If water get into the line, kink the hose between F and B, detach the hose at £» and blow 
out the water with air by opening the cocks, N, C and V. T^ length of the hose between T 
and X. must not be longer than five feet as tte cocks N and C, must always be within the reach 
of the man who is using the flame. When ready to use the flame, open N, which allows the 
h 3 rdrogen gas to escape. Light the same with a match and adjust ^e air cock C, until the 
desired flame is obtained Different classes of work require different flames, which can be 
obtained by changing the tips and by varying the amount of gas and air with the cocks N and 
C. When the generaator is laid up for the night, or when the charge is exhausted, pull the 
hose off at F, and draw off the solution by removing the plug at O. The getierator diould 
then be mor oughl y washed by pouring water in A- 
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Air, oxygen, acetylene and hydrogen may be supplied in separate tanks 
under pressure. 

In all cases, a mixing Y or chamber of some sort must be used, together 
with a burning tip and sufficient hose to connect the various parts. Where 
oxygen is employed, the mixing should be done right at the burning 



Fto. 1,827.--Oxygen illumlnatii^ gas lead burning outfit. Lead burning consists of faring 
component parts of the battery together by the use of a hot flame or a white hot carbon 
pencil. The most widely used outfits using a flame are as follows: 1, illuminating gas and 
compressed air. This flame is synonymous with that given by the well known Bunsen burner. 
It is not a satisfactory flame for lead burning; 2, hydrogen gas and cominessed air. Where 
hydrogen can be procured in tanks this is found to be a very satisfactory outfit, as it pro¬ 
duces a hotter flame than that of the illuminating gas with compressed air, and where a great 
amount of work is to be done it saves considerable time; 3, oxygen gas and illuminating gaa. 
This is the most satisfactory outfit, inasmuch as no compressed air is required, and commer¬ 
cial oxygen can be obtained practically throughout the United States. It is also much more 
eoGoomical than hydrogen and air. Ibe oxygen can also be used for removing carbon from 
gas engine cylinders. The method of this carbon removal is to blow the gas on the carbon 
and touch it off with a match. The carbon and oxygen will form into an inflammable carbon 
oxide gu, thus removing the carbon from the cylinder; 4, oxygen gas and hydrogen gas. 
This combination it not as economical as oxygen and illuminating gas, and the flame pre- 
duced is much hotter and not as suitable for lead burning. 
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tip, in which case the mixing chamber and burning tip are combined into 
one piece. The use of oxygen also requires a special valve. 

The Electric Storage Battery Company has developed outfits for using 
the first two combinations. The illuminating gas outfit is designed for 
use with the ordinary city gas supply; natural gas cannot be used. Corn* 
pressed air is necessary, the pressure ranging from 5 to 10 lbs. 

The carbon burning outfit as shown in fig. 1,831 consists of the following 





fulfils. 1,828 to 1,830.—Gould burning rack for burning plates into group. The rack is adjust, 
able for height, and can be supplied with guides having proper spacing for all batteries 
manufactured. 

parts: Carbon holder with cable, clamp and carbon rods. It is not meant: 
to be used where considerable lead burning is done. The method of 
it for rebuming connectors is as follows: 

One terminal of a spare 6 volt battery is connected by a piece of cable 
with the connector to be burned. The cable can be made fast to the latter 
Ixv means of a damn and care should be used that the surfaces are dean 
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and a good contact secured. The cable attached to the carbon holder is 
then clamped to the spare battery at the other terminal * Touch the carbon 
to the joint and hold there; due to the flow of the current, it rapidly be- 
comes red and then white hot. By moving it aroimd, always keeping it 
in contact with the lead, the joint can be puddled. 

To supply lead to fill the joint, a lead strip or extra connector can be 
used, simply introducing the end into the puddle of lead, touching the 
hot carbon. The carbon projecting past the holder should be slightly 
tapered or sharpened and should project past the holder about 1 in. After 



rio. 1,831.—^Method of lead buraing with Elzide carbon burning outfit. 


the joint is made, the top can be smoothed off by running the carbon 
over it a second time. The carbon (holder and all) should be occasionally 
clipped into a pail of water to keep it cool, as otherwise the holder and 
insulation may be damaged and it will become so hot as to make it un¬ 
comfortable to hold. Wetting the carbon does not affect the operation 
in any way, as it rapidly heats up again. 

After being used for a short time, it may be foimd that the carbon will not 
heal properly, due to a film of sc^^ formed on the surface. This should 
be CTeaned off with a knife or file, as occasion requires. Smoked or dark 
trasses should be used to protect the eyes from the intensity of the light. 
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In order to avoid the possibility of an explosion of the gaseous 
mixture contained in the upper part of a cell, when doing repair 
work with a gas flame or carbon burning outfit, the followir^^ 
precautions should be taken: 

1. The filling plugs should be in place, and the entire battery, with the 
exception of the part on which the burning operation is to be p^ormed, 
should be covered by a cloth wet with water. 

2. The cloth should be pressed down upon the vents of the cells or 
wet waste may be packed around and over the vents. 

3. A large piece of burlap or a towel thoroughly soaked in water is suit^ 
able. The wet cloth is recommended for two reasons: a, it prevents the 
burning flame or arc communicating to the interior of the cell, and 
6 , if an explosion should occur, the cloth will prevent the solution and small 
I^rts being thrown about. 

Disconnecting Cells.—^The best method of disconnecting 
cells assembled with pillar straps, for the purpose of replacing 
oroken jars, cleaning or tziking out of commission, is to use a 
five-eighth inch twist drill, in a carpenter’s brace, boring down 
into the top of the pillar about one-quarter inch; then pull off 
the connector sleeve from the pillar. By following this method, 
all parts may be used again. 

Taking Batteries out of Commission.—Where a battery is 


NOTE .—The characteriatic properties of concentrated sulphuric acid are very 
marked. Its freedom from odor, oily appearance, and its great weight, distinguish it from other 
liquids. The pure concentrated commercial acid has a density which usually reaches 1.842. 
and its boiling point is a^ut 640° F. Tne absolutely pure acid is perfectly colorless, but usually, 
even that used in laboratories, has a peculiar grayish color, due to slight traces oi organic mat¬ 
ter. Sulphuric add is exceedingly hydroscopic, and when exposed to the air it rapidly increases 
in bulk, owing to absorption of atmospheric moisture. 

NOTE .—Clamps not made of metal similar to that of the connecting strips, frequently 
give trouble from the galvanic action due to the contact of dissimilar metals in the presence oi 
moisture which causes the destruction of either the connecting strip or the clamp. Sudi 
troubles can be avoided by placing a thin atrip of sheet zinc between the lead atrip and tlia 
clamp. Under these circumstances the zinc will crumble away, and can be replaced without 
much inconvenience and very little expense* while the damps and connecting atripa will remain 
uninjured. 
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to be out of service for several months, and it is not convenient 
to give it the freshening charge every two weeks, it should be 
taken out of conunission. 



1332 to 1,83$.—^Rochlits automatic water itOl. A atiU removea iron, chtocine, nitiatee 
and other impurities from raw water. Iron causes self discharge of batteries; chlorine and 
■hrate causes diaintegration of the positive plates. The various arrangements shown are: 
1, for artificial or natural gas; 2, for attad:^ to boiler; 3, for oU burner; 4, for electriu 
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COMPARISON OF THE BAUMlfe AND SPECIFIC GRAVITY 
SCALES AT 60* FAHRENHEIT 


Degrees 

Baume 

Specific 

Gravity 

Degrees 

Baume 

Specific 

Gravity 

Degrees 

Baume 

Specific 

Gravity 

Degrees 

Baume 

Specific 

Gravity 

0 

1.000 

17 

1.133 

84 

1,30^ 

51 

1.642 

1 

1.007 

18 

1 142 

85 

1.318 

52 

1.559 

2 

1.014 

19 

1.151 

86 

1.330 

53 

1.576 

8 

1.021 

20 

1.160 

37 

1.342 

54 

1.598 

4 

1.028 

21 

1.169 

38 

1.355 

55 

1.611 

6 

1.036 

22 

1.179 

39 

1.368 

56 

1.629 

6 

1.043 

28 

1.188 

40 

1.381 

57 

1.648 

7 

1.061 

24 

1.198 

41 

1.394 

58 

1.666 

8 

1.058 

25 

1.208 

42 

1.408 

59 

1.686 

9 

1.066 

26 

1.218 

43 

1.421 

60 

1.707 

10 

1.074 

27 

1.229 

44 

1.436 

61 

1.726 

11 

1.082 

28 

1.239 

45 

1.450 

62 

1.747 

12 

1.090 

29 

1.250 

46 

1.465 

68 

1.768 

18 

1 1,098 

1 80 

1.261 

47 

1.479 

64 

1.790 

14 

1.107 

! 81 

1.272 

48 

1.496 

65 

1.812 

15 

1.115 

1 82 

1.283 

49 

1.510 

66 

1.835 

16 

1 1.124 

33 

1.295 

50 

1.526 




Strength of Dilute Sulphuric Acid 
of 

Different Den^ties at 59^ Fahr. 


Per cent, 
of 

Stdphmic Add 

Specific 

Gravity 

Per cent, 
of 

Sulphuric Add 

Specific 

Gravity 

100 

1.842 

23 

1.167 

40 


22 

1.159 

81 

1.231 

21 

1.151 

80 

1.223 


1.144 

29 

1.215 

19 

1.136 

28 


18 

1.129 

27 

1.198 

17 

1.121 

26 

1.190 

16 

1.116 

25 

1.172 

15 

1.106 

24 

1.174 

14 

1.098 
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Ques. Describe the method of taking a battery out of 
commission. 

Ans. The battery is charged in the usual manner, until the 
specific gravity of the electrolyte of every cell has stopped 
rising over a period of one hour (if there be any low cells, due 
to short circuits or other cause, they should be put in condition 
before the charge is started, so that they will receive the full 
benefit of it). 

The cells may now be disconnected and covers and elements removed 
from the jars (if sealed, the compound is loosened with a hot putty knife). 
The elements are placed on their sides with the plates slightly spread apart 
at the bottom, the separators withdrawn, and the positive and negative 
groups pulled apart. The electrolyte is washed off with a gentle stream of 
water and the plates allowed to drain and dry. The positive plates are 
ready to be put away. When dry, the negatives are completely immersed 
in electrolyte (of about 1.275 specific gravity), and allowed to soak for 
three or four hours. The jars may be used for this purpose. After rinsing 
and drying, they are ready to be put away; wash also the rubber separators. 

Wood separators, after having been in service, will not stand much 
handling and had better be thrown away. If it be thought worth while 
to keep them, they must be immersed in water or weak electrolyte, and 
in re-assembling, the electrolyte must be put into the cells immediately, 
as wet wood separators must not stand exposed to the air. 

Ques* What precaution should be taken with the jars? 

Ans. They should be thoroughly cleaned with fresh water, 
no sediment being allowed to remain. 

Patting Batteries into Comn'ission.—When re-assembling a 
battery, it should be treated in the same manner as if it were 
new and the regular instructions for assembling and putting a 
new battery into commission followed. 

Cleaning Jars.—^The jars should be thoroughly cleaned with 
fresh water, no sediment being allowed to remain. 
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1. Double Cover Batteries 

The type battery considered in this chapter to illustrate 
battery repair methods is a Gould 6 volt 81 ampere hour size 
of the double cover sealed type. 

Before starting to dismantle a battery a sketch should be 
made showing the inter-cell connections and position of ter¬ 
minals for guidance in reassembling. 



Fio. 1836..—“Exide” connector puller for removing connectors. 



Fio. 1 .^Battery tepaira 47, The batteiy post of single cover battery is threaded and 
provided with a flange on which the cover rests, with a soft rubber sealing gasket between- 
A lead or hard rubber nut secures the cover to the post. To remove cover simply unscrew 
the nuts on positive and negative post. In replacing a cover of this type the nut should be 
prevented backing oft by breaking the thread in the post, just above the nut, by means of a 
prick punch. 

2 . Single Cover Batteries 

Batteries are now constructed with single moulded covers 
with a depression around the edge into which the sealing 
compound is poured. 
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Fio. 1.838 —Battery repairs 48, Sealing around posts of single cover battery is made by 
means of sealing compound. There are sesreral designs of this kind but it is in any case 
necessary to remove the compound or to soften it by heating before cover can be removed. 



Fio. 1,839 .—Battery repairs 49. A lead flange is screwed into the cover from the lower side. 
The inside of this flange fits the battery post and the outside tapers above the top of the cover 
so that when the cell connector is placed in position the three parts, namely—post, flange 
and connecting link—are burned together at the top. When the connecting links are re¬ 
moved from both posts by drilling, the cover is free and can be lifted off. In replacing the 
cover on such a battery great ca^'e must be taken that the edge of the lead flange is burned 
into the joint; a new flange being used if necessary. Aside from the points described above 
repairs to a single cover battery are to be handled as before described. 


NOTE.—When cells are equipped with top straps, the straps should be cut with a sharo 
knife or chisel midway between the cells. 

NOTE .—Pole testing paper. Make a thin solution of white starch and soak strips of 
thin white blotting paper in i*^, and set aside in a clean, dry place to dry. Dissolve ^ Oz. of 
potassium iodide in one pint of water. Immerse the strips in the solution for a few seconds 
and again dry. This paper, when moistened and used in the usual way, turns violet at the 
positive pole. 

NOTE .—If the active material in the negative plates extend beyond the ribs of the grid 
(the supporting frame), it should be at once pressed back into place, care being taken to prevent 
the plates drying before this is none. The most suitable and convenient method for pressing 
is to place between the plates smooth boards of a thickness equal to the distance between the 
plates and then put the groups undet pressure 
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In order to remove the elements from such cells it is only 
necessary to remove the connecting links as previously described 
and remove the compound from the channel around the jar 
formed by the depression of the cover. The element can 
then be removed with the cover attached to the posts. 



Fta. 1,840.—^Method of locking seal nut on Exide single cover battery. 

The method of removail of the cover from the element will 
depend upon the means by which it is attached and sealed to 
the posts. 

The most usual methods are shown in the accompanying cuts. 

NOTE —A very effective way of softening the compound for unseaimg any type » 
place the cell or battery in a steam box. This consists simply of a box or oven mto which hve 
steam is mjected at low pressure By so doing, the rubber parts are made somewhat pliable 
and are much less likely to be cracked in handling, especially in cold weather Another method 
is to stand th#* cell ui ver/ hot water, taking care that the water does not get inside of the cell. 
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GRATINe STRIPS l"XlV 



FLOOR BEAMS 



Table of Voltage Change as Affected by Discharge Rate* 


8 hour rate.05 volt 

6 “ “ 065 “ 

4 “ “.09 

3 " “ 11 “ 

2 " “ 14 “ 

IH " “ 18 “ 

I “ .21 
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TEST QUESTIONS 


1. Give a list of tools, equipment and spare parts nec¬ 

essary for battery repair. 

2. What should be done on receipt of a battery? 

3. How should a new battery be prepared for service? 

4. Describe the Edison battery. 

5. What should be done if a wood insulated battery has 

been shipped uncharged; what if rubber insulated? 

6. Describe method of preparing electrolyte. 

7. What precaution should be taken when mixing water 

with sulphuric acid? 

8. What kind of water should be used? 

9. Why should pure sulphuric acid not be added to a 

cell? 

10. What may be said with respect to impurities in the 

electrolyte? 

11. Describe several tests for impurities. 

12. What should be the specific gravity of electrolyte in 

tropical countries? 

13. Describe how a battery should be installed. 

14. How is a new battery installed in a car? 

15. Name two ways of storing a battery. 

16. When should a battery be put in wet storage and when 

in dry storage? 

17. How is a battery tested in the car? 

18. If the gravity of electrolyte be not the same in all 

cells, what should be done? 

19. How are faults located in a battery? 

20. How is the necessity for opening cells determined? 
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21 . What is the proper method of adjusting the gravity? 

22. Describe the process of lead burning. 

23 . How is a hydrogen gas generator constructed? 

24 . How should batteries be taken out of commission? 

25 . What precaution should be taken with the Jars? 

26 . How are covers removed from single cell batteries? 

27 . Describe at very great length how a battery is re¬ 

paired. 
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CHAPTER 46 


Radio Batteries 


Early in the eighteenth century, an Italian scientist Ales¬ 
sandro Volta, discovered that if two dissimilar substances, such 
as zinc and carbon were placed in an acid solution, the chemical 


CURRENT FLOW 



FIG. 1—niustrating construction principles of the Voitaic ceO. 

action would accumulate electrons on the zinc rod making it 
negative with respect to the carbon, which does not react with 
the acid. 
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Volta also noted that if a wire joined the ends of the zinc 
and carbon electrodes, outside of the liquid, a current flowed 
continuously in the circuit from the zinc to the carbon. Such a 
device is called a Voltaic Cell in honor of its inventor. 



HG. 2—Sliowiiiz conslnictloii princiiries of a nickel cadmium atorage battery. 
In a battery of thia type nickel and cadminm function aa the active materiala 
while potaaaiam hydroxide In aolution aervea aa the electrolyte. (Courtear 
NIFE Incorporated) 
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While seeking still further to increase the capacity of his dis¬ 
covery, Volta found that by joining a large number of such cells 
in series or parallel in the form of a battery, a considerable 
amount of power could be obtained. 

In dealing with batteries, certain distinctions should be made 
with respect to the terms used: 

A primary cell consists of a vessel containing a liquid in which 
two dissimilar metal plates are immersed. 

A battery consists of two or more cells joined together (in 
series or parallel) so as to form a single unit. 

The fluid or acid solution used in a cell is termed the electrolyte 
or exciting fluid. 

A dry cell is one in which the electrolyte has been substituted 
for a paste of certain chemicals in combination with ammoniuni 
chloride. 

A storage battery consists of a connected group of electro¬ 
chemical cells for the generation of electrical energy in which 
the cells after being discharged may be restored to a charged 
condition by passing a current through them in a direction op¬ 
posite to the flow of current during the discharge period. 

The Dry Cell.—The dry cell or battery is used in radio 
receivers of the portable type to supply “A” and “B” power. In 
England the filament lighting battery is known as the low- 
tension battery usually abbreviated L.T.', whereas the plate 
battery is termed H. T., for high-tension. In the United States 
the term “A” and “B” battery has found acceptance, the A 
battery being that used for energizing the filaments, and the B 
battery that used for energizing the plate circuit. 
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The dry cell is being used in applications where considerable 
jarring or motion is involved and its use in portable radios is 
only one of its numerous duties. 



fIG. 3—Cross-section of typical dry cell showing construction. The elec¬ 
trolyte commonly used consists of a paste made up of ammonium chloride* 
manganese dioxide, sawdust and graphite. 


How a Dry Cell Works.—There is nothing mysterious about 
a dry cell or the manner in which it works. In its usual form 
a dry cell consists of a zinc can into which are packed certain 
active chemical materials which combine with the zinc to pro¬ 
duce an electrical pressure or voltage. The voltage thus pro¬ 
duced is the result of the chemicals used and is always the same 
regardless of the size of the dry cell. A new dry cell has a 
pressure of about 1.5 volts, and this is true whether the dry cell 
be a very small one like a flashlight battery or a large 6 in. 
diy cell. 
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A dry cell is simply a package of electricity done up in con¬ 
venient form. When you purchase a dry cell, the commodity 
actually bought is stored up electricity and the dry cell which 
gives you the most electricity for a given price is the cell you 
want to use. 

The unit of quantity of electricity is commonly known as the 
ampere hour. It is the amount of electricity which will flow 
from a battery that is delivering one ampere for a period of one 
hour or one-half an ampere for a period of two hours, etc. If 
the number of ampere hours in a dry cell be known and also the 
rate at which this electricity was extracted from the cell, it 
would be a simple matter to find out how long the dry cell would 
last. To determine this, divide the ampere hour capacity of 
the dry cell by the current which it is delivering in amperes, and 
the result is ^e number of hours that the cell will last. 

In practice it is almost impossible to apply this simple 
calculation to dry cells because it is very difficult to predict just 
how many ampere hours a dry cell will deliver. 

The amount of electricity which is actually in a dry cell and 
the amount which can be obtained from it are two different 
things, and sometimes the difference is surprisingly large. 


Battery Connections.—^There are three methods of connecting 
cells to form a battery. They may be connected: 

1. In series 

2. In parallel 

3. In series-parallel. 
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CURRENT FLOW 



CONDUCTOR 

CARBON 


FIG. 4—Showing three series connected Voltaic cells. To obtain a series 
connected circuit the plus pole of one cell must be joined with the negative 
pole of the next cell as illustrated. 


CURRENT FLOW 



FIG. 5—Three Voltaic cells connected in parallel. To obtain a parallel con¬ 
nected circuit, the plus poles are joined together to form one part of the 
circuit and the negative poles are joined together to form the other. 
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A series connection consists in joining the positive pole of one 
cell to the negative pole of the other to form a circuit. A 
series connection adds the voltage of each cell; that is, the volt¬ 
age of the battery will equal the sum of the voltage of each cell. 



FIG. 6—Showing three series connected batteries, each battery deliver¬ 

ing a potential of 45 volts. A single battery or a series connected groan 
of batteries such as illustrated are commonly used to supply the plate voU« 
age on small portable type radio receivers. 


A parallel or multiple connection consists in connecting the 
positive terminal of one cell with the positive terminal of an¬ 
other cell and the negative terminal of the first cell with the 
negative terminal of the second cell. A parallel connection 
adds the amperage of each cell, that is, the amperage of the 
battery will equal the sum of the amoerage of each cell. 

A series-parallel connection consists of two series sets of cells 
connected in parallel. The voltage of a series parallel con¬ 
nection is equal to the voltage of one cell multiplied by the 
number of cells in one battery, and the amperage is equal ts 
the amperage of one cell multiplied by the number of batteries. 
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Thus, to obtain 6 volts from four dry cells, each of which has 
a potential of volts, a series connection will be necessary. 
If, on the other hand, only 1K volts be required, but it is desired 
to cotain a current flow of four times that furnished by each 
cell, a parallel connection should be made. 
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CHAPTER 46A 

Automotive Batteries 


The 12-volt electrical system adopted on late model cars is 
used for two main reasons: 

1, To provide adequate electrical power to supply the in¬ 
creasing number of electrical accessories used. 

2. To make available higher voltages to the ignition system 
for new high speed, high compression engines. 

The advantage of doubling the voltage may readily be com¬ 
prehended if it be realized that in any direct current electrical 
system the power obtained is direct proportional to the product 
of current and voltage. Thus, for example, with a 12-volt system, 
the same amount of electrical power can be delivered with half 
the amperage, because power is measured in watts, which are 
simply amperes multiplied by volts. When a generator is re¬ 
quired to deliver, say 600 watts, this amount of power can be 
delivered in two ways, namely 100 amperes at 6 volts or 50 
amperes at 12 volts, since in each case the power obtained will 
be the same or 600 watts. 

Because of the fact that it is the cuilrent flow in amperes that 
determines the conductor size, it follows that smaller and more 
economical wires can be used to deliver the same amount of 
power in a twelve-volt system as the much larger sizes would 
deliver in a six-volt system. 
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In this connection it should be noted that with the introduc¬ 
tion of the 12-vQlt electrical system numerous changes had to 
be made in the electrical units. Thus, for example, the battery, 
starter, generator, the various electrical motors, light bulbs, etc., 
all had to be redesigned to comply with this higher voltage. 
The electrical circuits, that is, connections to the individual 
electrical units, will, however, be similar in both voltage systems. 



Fig. 1.—Illu8tr*ting construction details of typical lead-acid battery* 
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In automobile installations, several cells are used in groups, 
or a battery. The number of cells and their size, depends upon 
the service required. The usual, or common assembly method 
is to connect these cells in series, that is, the positive of one 
cell is connected to the negative of the next cell, and so on, to 
the end of the row. 

Battery Capacity Rating.—The amount of electricity 
which a battery will deliver within a certain time limit is 
known as its capacity or ampere-hour capacity. The 20-hour 
rate has been prescribed by the S.A.S. (Society of Automotive 
Engineers) as an accepted standard for automobile batteries. 
To measure the capacity, a battery is discharged continuously 
at the specific rate until the voltage drops too low for efficient 
use. Thus, for example, a battery that will deliver 3.5 amperes 
for 20 hours is said to have a capacity of 70 ampere-hours. 

This measurement is of particular interest because it indicates 
what may be expected of a battery in the way of satisfactory 
performance. The capacity of a battery depends upon the 
amount of active material that can react with the electrolyte. 
Obviously this depends upon the thickness and design of the 
plates, hence, the number of plates is not always an accurate 
index of the capacity. 

Also, one of the characteristics of a storage battery is that 
its total ampere-hour capacity is dependent upon the rate of 
discharge. The lower the rate of discharge, the greater the am¬ 
pere-hour capacity will be; whereas, the higher the discharge 
rate, the lower will be the capacity. Thus, a battery having a 
70 ampere-hour capacity at a 3.5 ampere discharge rate will 
ordinarily have a capacity of over 70 ampere-hour at a lower 
discharge rate. 
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Preparing Dry Charged Batteries for Service.—To pre¬ 
pare *‘dry charge’' batteries for service use approved battery- 
grade acid electrolyte (1.265 sp. gr. at 80° F.). Care should be 
exercised in its use to prevent bodily injury or damage to 
clothing or other material resulting from actual contact with 
the electrolyte. Electrolyte should be added to dry charged 
batteries in an area where water is readily available for flushing 
in case the electrolyte comes in contact with the body. 

It is strongly recommended that a person filling batteries 
with electrolyte wear glasses (preferably safety glasses) to pre¬ 
vent possible damage to the eyes should any spattering of the 
electrolyte occur. Proceed as follows; 

1. Remove dry charged battery from its original carton. 

2. Remove the vent plugs and discard the white restrictors 
found in the vent openings. 

3. Using a glass or acid-proof plastic funnel, fill each battery 
cell with electrolyte. Do not vse a metal funnel for filling 
the battery. The cell is properly filled when the electrolyte 
level rises to the split ring at the bottom of the vent well. 
Do not overfill. In most cases some electrolyte will remain 
in the electrolyte container after the battery has been 
completely filled. 

4. After filling cells, wait five to ten minutes and add addi¬ 
tional electrolyte, if necessary, to bring the electrolyte to 
the proper level. 

Battery Function.—The battery has three major functions: 
(1) It provides a. source of energy for cranking the engine. 
(2> It acts as a stabilizer to the voltage in the electrical system. 
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(3) It can for a limited time furnish energy when the demands 
of the electrical units in operation exceed the output of the 
generator. 

In order for the battery to continue to function, it is necessary 
that current withdrawn from the battery be balanced by current 
input from the generator so that the battery is maintained in 
a properly charged condition. If the outgo exceeds the input 
the battery will become discharged so that it cannot supply 
sufficient energy. 

The state of charge of the battery as well as the temperature 
of the electrolyte has an important bearing on its capacity for 
supplying energy. Battery efficiency is greatly reduced by de¬ 
creased electrolyte temperature as it has a decided numbing 
effect on its electrochemical action. Under high discharge such 
as cranking, battery voltage drops to lower values in cold 
temperatures than in warm temperatures. 

In extremely cold climates it is important to keep batteries 
in a nearly full charged condition to avoid the possibOity of 
freezing, which will damage any battery. 

Battery Testing.—There are several different ways of test¬ 
ing .storage batteries to determine their state of charge or to 
locate irrcguhirities and identify batteries in worn-out condition. 

Specific Gravity Test.—It is advisable to occasionally 
check the condition of the battery electrolyte with a hydrometer 
in order to determine whether the generating system is main¬ 
taining the battery in a proper state of charge. This is particu¬ 
larly important during cold weather. 

The hydrometer measures the percentage of sulphuric acid 
in the battery electrolyte in terms of specific gravity. As a 
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battery drops from a charged to a discharged condition the 
acid leaves the solution and enters the plates, causing a decrease 
in specific gravity of the electrolyte. By measuring specific 
gravity of the electrolyte with a hydrometer, an indication of 
the approximate state of charge of the battery is obtained. 

The specific gravity of the electrolyte varies not only with 
the percentage of acid in the liquid, but also with the change 
in temperature. As temperature increases, the electrolyte ex¬ 
pands so that the specific gravity is reduced. As temperature 
drops, the electrolyte contracts so that the specific gravity 
increases. Unless these variations in specific gravity are taken 
into account, the specific gravity obtained by the hydrometer 
may not give a true indication of the state of charge of the 
battery. 

Correction can be made for temperature by adding .004, 
usually referred to as 4 “points of gravity,” to the hydrometer 
reading for every 10° F. that the electrolyte is above 80° F. or 
.subtracting .004 for every 10° F. that the electrolyte is below 
80° F. 

If the electrolyte temperature be not too far from the 80° F. 
standard, or if only an approximate idea of the specific gravity 
reading be required, it will not be necessary to make the tem¬ 
perature correction. In this connection, it should be noted, 
that there are hydrometers available which have built in ther¬ 
mometer and temperature scale correction, which hydrometer, 
if used, will simplify the operation of obtaining a true specific 
gravity reading. 
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Formulae lor Calculating 
Electrical Properties of Circuits 


Daairad Data 

ALTERNATING CURRENT 


Singla Phata 

Two Phaaa* Four Wlra 

Thraa Phaaa 

Oiracf Oirrant 

KILOWATTS 

IE coa 0 

1000 

2IEooae 

1000 

1.73 I E coa 0 

1000 

IE 

1000 

KILOVOLTAMPERES 

IE 

21E 

1.73 IB 

IE 

1000 

lodb 

1000 

1000 

HORSEPOWER 

OUTPUT, 

1 E coa 0 y Eli. 

746 

2 I E coa 0 X EH. 

746 

1.73 I E CM 0 X EH. 

746 

IE X EH. 

746 

AMPERES WHEN 
HORSEPOWER 

IS KNOV/N 

HP X 746 

HP X 746 

HP X 746 

t HP X 746 

E coa e X Ell. 

2 S oca 0 X EH. 

1.73 E CM 0 X EH. 

E X EH. 

AMPERES WHEN 
MLOWATTS 

ARE KNOWN 

KW X 1000 

£ coa 0 

KW X 1000 

2 E coa 0 

KW X 1000 

1.73 E CM 0 

KW X 1000 

E 

AMPERES WHEN 
KILOVOLTAMPERES 
ARE KNOWN 

KVA X 1000 

£ 

KVA X 1000 

2E 

KVA X 1000 

1.73 E 

KVA X 1000 

£ 

ar WHEN 





a*. I. coa 0 ARE 
KNOWN 

v/a?-l2(X coa 0 T R am 0)^-1 (R coa 0 ± X tin 0) 



•In three wue two phase circujfs, ihe current in the common conduclor is 1.41 times that in either phase 
conductor. 


co« e •• Pow*r isctor ol load 

£•■ Volta betwaan conductort 
a •Volta to nautral 
Ell. EHi nancy ol motor 
ar • Volta at receiving and 


NOTATION 

Volta at aer>dlng and 
1 "Lina curcant amparaa 
K • Raaiatanca in ohna to nautral 
tin^e- I>caa3 0 

X • Raactanca in ohma to nautral 


Whore double signs, ruch ss q; or ore shown, use upper one (or legging end lower one (or leedirg 
power (ector. 


1 
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WIRE TABLE, STANISaRD ANNEALED COPPER 
American Wire Gauge (B. & S.) English Units 



llli 

Cross section nt 20*C 

Ohms per 1000 feet 

Circular 

mils 

Sq. inches 

imsiv 

20*C 

(6S*F) 

50-C 

(122*F) 

75*0 

(lerF). 

OOOO 

460.0 

211600 

0 1662 

0.04516 

0.04901 

0.05479 

0.05961 

000 

409.6 

167800 

• 1318 

.05695 

.06180 

.06909 

.07516 

00 

364.8 

133100 

.1045 

07181 

.07793 

.08712 

.09178 

0 

324 9 

105500 

.08289 

.09055 

09827 

.1099 

.1195 

1 

289.3 

83690 

.06573 

.1142 

.1239 

.1385 

.1507 

2 

257 6 

66370 

.05213 

.1440 

.1563 

.1747 

.1900 

8 

229.4 

52640 

04134 

.1816 

1970 

.2203 

.2396 

4 


41740 

.03278 

.2289 

.2485 

.2778 

.3022 

5 

181.0 

33100 

.02600 

.2887 

.3133 

.3502 

.3810 

0 

162.0 

2G250 

.02062 

.3640 

.3951 

.4416 

.4805 

7 

144.3 

20820 

01635 

.4590 

.4982 

.5569 

.6069 

8 

128 5 

16510 

01297 

.5788 

.6282 

.7023 

.7640 

9 

114.4 

13090 

01028 

.7299 

.7921 

.8855 

.9633 

10 

101.9 

10380 

.008155 

.9203 

9989 

1.117 

1.215 

11 


8234 

.006467 

1.161 

1.260 

1.408 

1.532 

12 


6530 

005129 

1 463 

1.588 

1.775 

1.931 

13 

71.96 

5178 

.004067 

1.845 

2.003 

2.239 

2.436 

14 

61.08 

4107 

.003225 

2.327 

2.525. 

2 823 

3.071 

18 

57.07 

3257 

002558 

2.934 

3 184 

3.560 

3.873 

16 

50.82 

2583 

002028 

3.700 

4 016 

4.469 

4.884 

17 

45.26 

2048 

001609 

4.666 

5 064 

5.660 

6.158 

18 

40.30 

1624 

.001276 

5.883 

6 385 

7.138 

7.765 

19 

35.89 

1288 

.001012 

7.418 

8.051 

9.001 

9.792 

30 

31 96 

1022 

.0008023 

9.355 

10.15 

11 35 

12.35 

21 

28.45 

810.1 

.0006363 

11.80 

12 80 

14.31 

15 57 

22 

25 35 

642.4 

.0005046 

14 87 

16.14 

18.05 

19.63 

23 

22 57 

509 5 

.0004002 

18.76 

20.36 

22.76 

24.76 

24 

20.10 

404.0 

.0003173 

23.65 

25.67 

28.70 

31.22 

25 

17 90 

320.4 

.0002517 

29.82 

32.37 

36.18 

39.36 

26 

15 94 

254.1 

0001996 

37.61 

40.81 

45.63 

49.64 

27 

14 20 

201.5 

.0001583 

47.42 

51 47 

57.53 

62.59 

28 

12 64 

159 8 

.0001255 

59.80 

64 90 

72 55 

78.93 

29 

11.26 

126.7 

.00009953 

75.40 

81.83 

91.48 j 

99.52 

10 

lEfSI 

100.5 

.00007894 

95.08 

103.2 

115 4 

125.5 

31 

8 928 

79.70 

00006260 

119 9 

130.1 

145 5 

158.2 

32 


03.21 

00004964 

151.2 

164 1 

183 4 

199.5 

33 


50 13 

00003937 

190 6 

206 9 

231 3 

251.6 

34 

6.305 

39.75 

.00003122 

210.4 

260.9 

291.7 

317.3 

15 

5.615 

31.52 

.00002476 

303.1 

329 0 

367.8 

400.1 

36 

5.000 

25 00 

.00001964 

382.2 

414 8 

463.7 

504 5 

37 

4.453 

19.83 

.00001557 

482 0 

523.1 

584.sr 

636.2 

38 

3.965 

15.72 

.00001235 

607.8 

659.6 

737.4 

802.2 

39 

3.531 

12.47 

.000009793 

766.4 

831.8 

929.8 

1012 

40 

3.145 

9.888 

.000007766 

966.5 

1019 

1173 

1276 
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ALLOWABLE CURRENT-CARBY. 
INC CAPACITIES OP CONDUCTORS 
IN AMPERES 
Single Conductor in Free Air 

(Baaed on Room Temperature of 30 C. 86 F.) 


Blae 

A^O 

AlCM 

Rubber 
Type R 
Type 
RW 

TypeRU 

(14-6) 

Rub¬ 

ber 

'gff 

Thermo¬ 
plastic 
Asbestos 
Type TA 

A»- 

bestoe 

Var- 

Cam 

Type 

AVA 

VifS 

Impree- 

nated 

As¬ 

bestos 

’If 

TVpe 

ALA 

Afl- 

besioB 

Type 

A 

eiois- 

Burxw 

J?* 

’gr 

Var-Cam 
Type V 

Weat>>- 

eM)roof 

sk?? 

Thermo¬ 
plastic 
Type T 
Type 
TW 

Asbestos 

Var-Cam 

14 

20 

20 

30 

40 

40 

■9 

80 

13 

26 

26 

40 

60 

60 


40 

10 

40 

40 

66 

66 

70 


66 

8 

65 

66 

70 

86 

00 

fgm 

70 

6 

80 

96 

100 

12flP 

126 

136 

100 

4 

106 

126 

136 

160 

170 

180 

\ 2 » 

8 

120 

146 

156 

180 

196 

210 

150 

2 


170 

180 

210 

226 

240 

176 

1 

166 

196 

210 

246 

266 

280 

206 

0 

196 

230 

245 

286 

306 

326 

236 

00 

226 

266 

285 

330 

366 

370 

275 

000 

260 

310 

330 

386 

410 

430 

320 

0000 

300 

360 

385 

446 

476 

610 

370 

25C 

340 

405 

425 

495 

630 


410 

300 

?76 

445 


656 

690 


460 

350 

420 


630 

610 

655 


610 

400 

466 

645 

675 

665 

710 


666 

600 

616 



766 

816 


630 

600 

676 

690 

740 

866 



710 

700 

630 

755 

815 




780 

750 

666 

786 

845 

080 

1046 


810 

800 

680 

■815 

880 


1086 


846 

000 

730 

870 

940 




006 


780 

935 


1166 

1240 


066 


890 

1065 

1130 


T T t » 




980 

1175 

1260 

1460 

T - - T 


1216 

1750 

1070 

1280 

1370 


T r - ■ 



2000 

1155 

1385 

1470 

1715 



1406 


CORRECTION FACTOR FOR ROOM TEMPERATURES (TVER 
_30 C. 86 F._ 


C . F . 
40 104 

.82 

.88 

.90 

.04 

.96 



46 113 

.71 

.82 

;ig 

.00 

.03 



60 122 

.68 

.75 

.87 

.89 

.. -. 


66 131 

.41 

.67 

.74 

.83 

.86 

.... 


60 140 


.68 

.67 

Kl 

.83 

.01 


70 158 

* « • • 

.36 

.52 


.76 

.87 


76 167 
M 176 

• • •m 


.43 


.72 

.86 



.... 

.30 

Kui 

60 

.84 


00 194 

».. • 



.60 

.61 

.80 



• ... 

» « • • 

• • • • 

.61 

.77 


120 248 
140 284 

.... 



.... 

.60 

.60 



ni 
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ALLOWABLE CURRENT-CAKEY* 
ING CAPACITIES OF CONDUCTORS 
IN AMPERES 


Not More Than Three Conductors in Raceway or Cable 

(Bseed on Room Temperature of 80 C. 80 F>) 



Rubber 
Type R 
Typo RW 


Paper 




Btffe 


Thermo- 

plaatle 

Asbestos 

TypeTA 

Asbestos 

Var-Cam 

X(« 

m 

Asbestos 

TypeAA 

AWO 

MOM 

Tbprmo- 
DlasUc 
Typo T 
(14-4/(35 
T> pe T w 
(14^/0) 


Var-Cam 
Typo V 



Asbestos 

Var-Cam 

Tvpo 

AVB 

aIa 


" 14 

15 

15 

25 

30 

30 

—!1 

12 

20 

20 

30 

35 

40 



30 

30 

40 

45 

50 

55 

8 

40 

45 

60 


65 

ajUmjllH 

" 6 

55 

65 

70 

80 



4 


85 

90 

105 

115 

'120 

3 

80 

100 

105 

120 

130 

145 

2 

95 

115 

120 

135 

\n 

165 

1 

110 

130 

HO 

160 


0 

125 

150 

155 

190 

200 

225 


145 

175 

185 

215 

230 



165 


210 

245 


285 


195 

230 

235 

275 

3i5 

340 

250 1 

215 

255 

mEBMk\ 

315 

335 



240 

285 


345 



850 



325 

3G0 

118 



2«0 

335 

3f0 




320 

380 

405 

470 



too 1 

355 

420 

455 

625 

545 



385 

460 

490 

660 

600 


760 


475 


68(? 

620 



410 

435 

400 

620 

515 

555 

600 

640 


iiyinTtii8l 

455 

545 

585 

680 

730 


1,250 

405 


645 


t t • 


1,500 


625 

700 

785 


T - - 

1 750 

645 


735 


t 1 1 


2 000 

660 

665 

775 

840 




COIiKECTION FACTOR FOR ROOM TEMPERATURES OVER 
_30 C. 86 F._ 


C. !<. 
40 104 
45 113 
50 122 
55 131 

82 

71 

58 

41 

88 

82 

75 

67 

00 

85 

80 

74 

94 

90 

87 

R3 

95 

92 

89 

86 


60 140 


58 

67 

79 

83 

91 

70 158 


35 

52 

71 

70 

87 

76 167 



.43 

66 

72 

80 

80 176 



30 

61 

69 

84 

■TTfWrTB 




60 

61 

.80 

BXlli VfwB 





51 

.77 

BPIiwl'iil 






.00 







59 


IV 
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FULL-LOAD CURRENT* 
Direct-Current Motors 


HP 

115 V 

230V 

650V 


4.6 

2.3 


H 

6.6 

3.3 

1.4 

1 

8.6 

4.3 

1.8 



6.3 

2.6 

2 


8.2 

3.4 

3 


12. 

6.0 

6 


20 

8.3 



20 

12.0 

10 

76 

38 

16.0 

16 

112 

66 

23.0 

20 

148 

74 

81. 

25 

184 

92 

38. 

30 

220 

110 

46. 

40 

292 

146 

61 

50 

360 

180 

75 

60 

430 


90 

76 

636 


111 

100 



148 

125 



148 

150 



220 

200 


■HcuBIHHi 

205 


*These valne9 for full-load current are average for -all speeds. 


FULL-LOAD CURRENT^ 
Single-Phase A.C. Motors 


HP 

115V 1 

230V 

440V 

IM 


1.6 




2.3 


71 


3 7 


w 


6.1 


1 


6.5 


IH 

18.4 

0.2 


2 

24. 

12. 


3 

34. 

17. 


6 1 

66. 

28. 


7H 

80. 

40. 

81. 

10 

100. 

50. 

26. 


For full-load currents of 208 and 200-volt motors, increase cor* 
responding 230-volt motor full-load current by 10 and 1$ per 
cent, respectively, 

•These Values of full-ldad current are for motors running at 
s^ds usual for belted motors and motors with normal torque 
characteristics. Aiotors built for especially low speeds or high 
torques may require more running current, in which case the 
nameplate current rating should be used. 
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Ftill>Load Current* 
Two-Phase A.C Motors (4-wire) 


Induction Type 

Squirrel-Cage and Wound Rotor 
Amperes 



Amperes 


HP 

llOV 

220V 


550V 




650V 



4 

2 

1 

.8 






V* 

4.8 

2.4 

1.2 







1 

6.4 

3.2 

1.6 

1.3 






VA 

8.8 

4.4 

2.2 

1.8 






2 

11.2 

5.6 

2.8 

2.2 






3 


8 

4 

3.2 






5 


13 

7 

6 






m 


19 

9 

8 






10 


24 

12 







15 


34 

17 

14 






20 


45 

23 

18 






25 


55 

28 

22 

6 

47 

24 

19 

4.7 

wm 


67 

34 

27 

7.5 

56 

29 

23 

5.7 

40 


I 88 

44 

35 

9 

75 

37 

31 

7 

wm 


108 

54 

43 

11 

94 

47 

38 

9 

60 


129 

65 

52 

13 

111 

56 

44 

11 

75 


158 

79 

63 

16 


70 

57 

13 

mm 


212 


85 

21 

182 

93 

74 

17 

125 


268 

134 

108 

26 

228 

114 

93 

22 

150 


311 

155 

124 

31 


137 

110 

2C 

200 


415 

208 

166 

41 


182 

145 

35 


•These values of full-load current are for motors running at speeds usual for belt^ 
motors and motors with normal torque characteristics. Motors built for especially 
low speeds or high torques may require more running current. In which case the name¬ 
plate curr^t rating should be used.. Current in common conductor of ^-phase. 3-wire 
system will be 1.41 times value given. 

tFor 90 and 80 per cent P. F. the above figures should be multiplied by 1.1 and 1.25 
respectively. 
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Full-Load Current* 
Three-Phase A.C Motors 



Induction Type 

Squirrel-Cage and Wound Rotor 
Amperes 

Synchronous Type 
tl/nity Power Factor 
Amperes 

HP 


220V 

440V 

550V 


220V 

440V 

550V 


H 

4 

2 

1 

.8 






H 

5.6 

2.8 

1.4 

1.1 






1 

7 

3.5 

1.8 

1.4 






VA 

10 

5 

2.5 

2.0 






2 

13 

6.5 

3.3 

2.6 






3 


9 

4.5 

4 






5 


15 

7.5 

6 






7A 


22 

11 

9 






10 


27 

14 

11 






15 



20 

16 






20 


52 

26 

21 






25 


64 

32 

26 

7 

54 

27 

22 

5.4 

30 


78 

39 

31 

8.5 

65 

33 

i 26 

6.5 

40 



52 

41 

10.5 

86 

43 

35 

8 

50 


125 

63 


13 

108 

54 

44 

10 

60 



75 


16 

128 

64 

I 51 

12 

75 


185 

93 

74 

19 

161 

81 

1 65 

15 

100 


246 

123 

98 

25 

211 


85 

20 

125 


310 

155 

124 

31 

264 

132 

106 

25 

150 




144 

37 


158 

127 

30 

igmi 


480 


192 

48 


210 

168 

40 


For full-load currents of 208 and 200-volt motors, increase the corresponding 
220-volt motor full-load current by 6 and 10 per cent, respectively. 

•These values of full-load current are for motors running at speeds usual for 
belted motors and motors with normal torque characteristics. Motors built for 
especially low speeds or high torques may require more running current, in which 
case the nameplate current rating should be used. 

tFor 90 and 80 per cent P. F. the above figures should be multiplied by 1.1 and 
1.25 respectively. 
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Tables and Data 


Number of Conductors in Conduit or Tubing 
Rubber Covered, Types RF-2, RFH-2. R, RH, RHH. RHVV, RW 
RH-RW, RU, RUH, and RUW 
Thermoplastic, Types TF, T and TW 
One to Nine Conductors 



♦Where a service run of conduit or electrical metallic tubing does not exceed 
60 feet in length and does not contain more than the eciuivalent of two quarter 
bends from end to end two No 4 insulated and one No. 4 bare conductors may 
be installed in 1-inch conduit or tubing. 
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Tables and Data 


Useful Information 

To find the circumference of a circle, multiply the diameter by 3.1416. 

To find the diameter of a circle, multiply the circumference by .31831. 

To find the area of a circle, multiply the square of the diameter 
by .7854. 

The radius of a circle X 6.283185 » the circumference. 

The square of the circumference of a circle X .07958 «» the area. 

Half the circumference of a circle X half its diameter = the area. 

The circumference of a circle X .159155 *= the radius. 

The square root of the area of a circle X .56419 » the radius. 

The square root of the area of a circle X 1.12838 « the diameter. 

^ To find the diameter of a circle equal in area to a given square, mul> 
tiply a side of the square by 1.12838. 

To find the side of a square equal in area to a given circle, multiply 
the diameter by .8862. 

To find the side of a square inscribed in a circle, multiply the diameter 
by .7071. 

To find the side of a hexagon inscribed in a circle, multiply the diam¬ 
eter of the circle by .500. 

^ To find the diameter of a circle inscribed in a hexagon, multiply a 
side of the hexagon by 1.7321. 

^ To find the side of an equilateral triangle inscribed in a circle, mul¬ 
tiply the diameter of the circle by .866. 

To find the diameter of a circle inscribed in an equilateral triangle, 
multiply a side of the triangle by .57735. 

To find the area of the surface of a ball (sphere), multiply the square 
of the diameter by 3.1416. 

To find the volume of a ball (sphere), multiply the cube of the diam¬ 
eter by .5236. 

Doubling the diameter of a pipe increases its capacity four times. 

To find the pressure in pounds per square inch at the base of a column 
of water, multiply the height of the column in feet by .433. 

A gallon of water (U. S. Standard) weighs 8.336 pounds and contains 
231 <^ic inches. A cubic foot of water contains 7}4 gallons, 1728 cubic 
inches, and weighs 62.425 pounds at a temperature of about 39** F. 

ThM wdghtB change shghtly above and below this temperature. 
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In accordance witb the standard practice approved by the American 
Standards Association, the ratio 25.4 mm = 1 inch is used for convert¬ 
ing millimeters to inches. This factor varies only two millionths of an 
inch from the more exact factor 25.40005 mm, a difTerence so small as to 
be negligible for industrial length measurements. 

Metric Measures 

The metric unit of length is the meter = 39.37 inches. 

*The metric unit of weight is the gram = 15.432 grains. 

The following prefixes are used for sub-divisions and multiples: 
Milli = Tu’cir, Centi = Deci = 1 * 0 , Deca = 10, Hecto = 100, Kilo 
= 1000, Myria * 10,000. 


Metric and English Equivalent Measures 

MEASURES OF LENGTH 

Metric English 

1 meter = 39.37 inches, or 3.28083 feel, or 1.09361 yards 

.3048 meter = 1 foot 

1 centimeter — .3937 inch 

2.54 centimeters = 1 inch 

1 millimeter = .03937 inch, or nearly 1-25 inch 
25.4 millimeters = 1 inch 

1 kilometer =* 1093.61 yards, or 0.62137 mile 


Metric 
1 gram 
.0618 gram 
28.35 grams 
1 kilogram 
4536 kilogram 

1 metric ton 
1000 kilograms 

1.016 metric tons 
1016 kilograms 


MEASURES OF WEIGHT 

English 
= 15.432 grains 

= 1 grain 

= 1 ounce avoirdupois 

= 2.2016 pounds 
= 1 pound 

r.9812 ton of 2240 pounds 
^ 19.68 cwt. 

[ 2201.6 pounds 

1 ton of 2210 pounds 




MEASURES OF CAPACITY 
Metric English 

f61.023 cubic inches 

1 liter ( = 1 cubic decimeter) = Vom’’R aMAn^r^ican) 

12.202 lbs. of water at 62“ F. 

28.317 liters.— 1 cubic foot 

3.785 liters.=1 gallon (American) 

4.543 liters.=1 gallon (Imperial) 
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English Ck>nverslon Table 


Lmgth 


Inchei 

X 

. 08SS 

— feet 

Inches 

X 

.02778 

-• yards 

Inches 

X 

.00001678 

la miles 

Feet 

X 

. SSS3 

a yards 

Feet 

X 

.0001894 

a miles 

Yards 

X 

36.00 

a inches 

Yards 

X 

3.00 

a feet 

Yards 

X 

.0006681 

a miles 

Miles 

X 

63360.00 

a inches 

Miles 

X 

6280.00 

a feet 

MUes 

X 

1760.00 

a yards 

Circumferenoe of circle 

X 

.3188 

a diameter 

Diameter of circle 

X 

3.1416 

a circumference 

Area 




Square inches 

X 

.00694 

a square feet 

Square inches 

X 

.0007716 

a square yards 

Square feet 

X 

144.00 

a square inches 

Square feet 

X 

.11111 

a square yards 

Square yards 

X 

1296.00 

a square inches 

Square yards 

X 

9.00 

a square feet 

Dia. of circle squared 

X 

.7864 

a area 

Dia. of sphere squared 

X 

3.1416 

a surface 

Volume 




Cubic inches 

X 

.0006787 

a cubic feet 

Cubic inches 

X 

.00002148 

1 a cubic yards 

Cubic inches 

X 

.004329 

a XJ. S. gallons 

Cubic feet 

X 

1728.00 

a cubic inches 

Cubic feet 

X 

.03704 

a cubic yards 

Cubic feet 

X 

7.4806 

a U. S. gallons 

Cubic yards 

X 

46666.00 

a cubic inches 

Cubic yards 

X 

27.00 

a cubic feet 

Dia. of sphere cubed 

X 

.6236 

a volume 

Weight 




Grains (avoirdupois) 

X 

.002286 

a ounces 

Ounces (avoirdupois) 

X 

.0626 

a pounds 

Ounces (avoirdupois) 

X 

.00003128 

»a tons 

Pounds (avoirdupois) 

X 

16.00 

a ounces 

Pounds (avoirdupois) 

X 

.01 

a hundredweight 

Pounds (avoirdupois) 

X 

.0006 

a tons 

Tons (avoirdupom) 

X 

32000 00 

a ounces 

Tons (avoirdupob) 

X 

2000.00 

a pounds 
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Euftllsh CionTersioti Table 


Energy 
Horsepower 
B. t. u. 

Ton of refrigeration 
Pressure 


X 3S000. —ft-lbs. per min. 

X 778. «6 -ft-lbs. 

X ^tOO. »B. t. u. per min. 


Lbs. per sq. in. 

X 

Ft .of water (60®F.) 

X 

Ins. of water (60°F.) 

X 

Lbs. per sq. in. 

X 

Lbs. p>er sq. in. 

X 

Ins. of Hg (eO^^F.) 

X 


2.31 = ft. of water (60®P.) 

.433 = lbs. per .sq. in. 

.0361 == lbs. per sq. in. 

27.70 = ins. of water (60®F.) 

2.041 = ins. of Hg. (60^.) 

.490 = lbs. per sq. in. 


Potoer 


Horsepower 

X 

746. 

*= watts 

Watts 

X 

.001341 

== horsepower 

Horsepower 

X 

42.4 

» B. t. u. per min. 

Water Factors (at 

point of greatest density—39.2®F) 

Miners inch (of water) 

X 

8.976 

»= U. S .gals, per i 

Cubic inches (of water) 

X 

.57798 

=s ounces 

Cubic inches (of water) 

X 

.036124 

= pounds 

Cubic inches (of water) 

X 

.004329 

= U. S. gallons 

Cubic inches (of water) 

X 

.003607 

» English gallons 

Cubic feet (of water) 

X 

62.425 

= pounds 

Cubic feet (of water) 

X 

.03121 

= tons 

Cubic feet (of water) 

Cubic feet (of water) 

X 

X 

7.4805 

6.232 

=* U. S. gallons 
== English gallons 

Cubic foot of ice 

X 

57.2 

= pounds 

Ounces (of water) 

X 

1.73 

= cubic inches 

Pounds (of water) 

X 

26.68 

= cubic inches 

Pounds (of water) 

X 

.01602 

= cubic feet 

Pounds (of water) 

X 

.1198 

= U. S. gallons 

Pounds (of water) 

X 

.0998 

= Englbh gallons 

Tons (of water) 

X 

32.04 

a* cubic feet 

Tons (of water) 

X 

239.6 

= U. S. gallons 

Tons (of water) 

X 

199.6 

— English gallons 

U. S. gallons 

X 

231.00 

= cubic inches 

U. S. gallons 

X 

.13368 

= cubic feet 

U. S. gallons 

X 

8.345 

= pounds 

U. S. gallons 

X 

.8327 

« English gallons 

U. S. gallons 

X 

3.785 

= ‘liters 

English gallons (Imperial) 

X 

277.41 

= cubic inches 

English gallons (Imperial) 

X 

.1605 

=3 cubic feet 

English gallons (Imperial) 

X 

10.02 

=» pounds 

English gallons (Imperial) 

X 

1 201 

= U. S. gallons 

English gallons (Imperial) 

X 

4.546 

= liters 
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Metric Cionverslon Table 


Length 


Millimeters 

X 

.03937 

» inches 

Millimeters 

+ 

25.4 

» inches 

Centitneters 

X 

.3937 

= inches 

Centimeters 


2.54 

* inches 

Meters 

X 

39.37 

* inches (Act. Cong.) 

Meters 

X 

3.281 

« feet 

Meters 

X 

1.0936 

=* yards 

Kilometers 

X 

.6214 

= miles 

Kilometers 


1.6093 

« miles 

Kilometers 

X 

3280.8 

= feet 

Area 

Sq. Millimeters 

X 

.00155 

- sq. in. 

Sq. Millimeters 

4- 

645.2 

* sq. in. 

Sq. Centimeters 

X 

.155 

=* sq. in. 

Sq. Centimeters 

-i- 

6.452 

* sq. in. 

Sq. Meters 

X 

10.764 

« sq. ft. 

Sq. Kilometers 

X 

247.1 

» acres 

Hectares 

X 

2.471 

— acres 

Volume 

Cu. Centimeters 

+ 

16.387 

« cu.in. 

Cu. Centimeters 

+ 

3.69 

=» fl. drs. (U.S.P.) 

Cu. Centimeters 


29.57 

« fl. 02 . (U.S.P.) 

Cu. Meters 

X 

35.314 

=» cu. ft. 

Cu. Meters 

X 

1.308 

«■ cu. yards 

Cu. Meters 

X 

264.2 

gals. (231 cu. in.) 

Litres 

X 

61.023 

*= cu. in. (Act. Cong.) 

Litres 

X 

33.82 

- fl. 02. (U.S.P.) 

Litres 

X 

.2642 

» gals. (231 cu. in.) 

Litres 

-f* 

3.785 

« gals. (231 cu. in.) 

Litres 

-5* 

28.317 

« cu. ft. 

Hectolitres 

X 

3.531 

« cu. ft. 

Hectolitres 

X 

2.838 

* bu. (2150.42 cu. in.) 

Hectolitres 

X 

.1308 

* cu. yds. 

Hectolitres 

X 

26.42 

gals. (231 cu. in.) 

Weight 

Grams 

X 

15.432 

n grains (Act. Cong.) • 

Grams 


981. 

« dynes 

Grams (water) 


29.57 

“ fl. 02. 

Grams 

+ 

28.35 

02 . avoirdupois 

Kilo-grams 

X 

2.2046 

» lbs. 
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Metric Conversion Table (Cont.; 


Weight 

Kilo-grams 

X 

35.27 

» oz. avoirdupois 

Kilo-grams 

X 

,0011023 

« tons (2000 lbs.) 

Tonneau (Metric ton) 

X 

1.1023 

» tons (2000 lbs.) 

Tonneau (Metric ton) 

X 

2204.6 

~ lbs. 


Unit Weight 




Grams per cu. cent. 


27.08 

e lbs. per cu. in. 

Kilo per meter 

X 

.072 

s= lbs. per ft. 

Kilo per cu. meter 

X 

.00243 

= lbs. per cu. ft. 

Kilo per Cheval 

X 

2.23.> 

s= lbs. per h. p. 

Grams per liter 

X 

.00243 

= lbs. per cu. ft. 


Pressure 

Kilo-grams per sq. cm. 

X 

14.223 

lbs. per sq. in. 

Kilo-grams per sq. cm. 

X 

32 843 

= ft. of water (OO^F. 

Atmospheres (internalioTial) X 

14.090 

«= lbs. per sq. in 


Energy 

Joule 

X 

.7370 

= ft. lbs. 

Kilo-gram meters 

X 

7.233 

* ft. lbs. 


Power 
Cheval vapeur 

X 

.9803 

= h. p. 

Kilo-watts 

X 

1.341 

= h. p. 

Watts 


740. 

= h. p. 

Watts 

X 

.7373 

= ft. lbs. per sec 


Miscellaneous 
Kilogram calorie 

X 

3.908 

«= B. t. u. 

Standard gravity 


980.665 

= centimeters per sec. 

(Sea level 45® lat.) 
Prigories/hr. (French) 


3023.9 

per sec. 

= Tons refrigeration 
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